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When Lier Disease Calls for 
Htigh Protein Jutake 


For protection of the liver cell against toxic injury, and for safe- 
guarding optimal hepatic function, chief emphasis was placed in 
the past upon a high carbohydrate diet. This concept worked to 
the patient’s detriment in chronic diseases of the liver, such as 
cirrhosis, when overemphasis on carbohydrate was combined with 
protein starvation. 5 
Modern clinical experience has modified the older concept.” *The a4 
role of liver glycogen as a protective agent remains Sho 
but it is now known that the bulk of liver glycogen is combined 
with protein for mutual stabilization, calling for an ample supply. 48 
of biologically adequate protein. . 
Extensive observation in patients with cirrhosis has demon- 
strated the beneficial influence of a diet high in protein as well 
as in carbohydrate and B-complex vitamins. Only abundant pro- 
tein can counteract the associated hypoproteinemia and the ensu- 
ing trend toward transudation which further aggravates the ~ 
hypoproteinemia. “ 
Meat is an excellent source of protein in the diet therapy of 
hepatic cirrhosis, not only because of the high percentage of 
protein contained, but especially because its protein is of hi 
biologic quality. In addition, meat is a good source of vitamins 
of the B complex. 
' Ravdin, I Si Thorogood, E. Riegel, C; Peters, Rosanne, 
and Rhoeds, J. E.: The Prevention of Liver and the 
inoue ore JAMA. 121:322 


2 Stare, F. J., and Thorn, G. W.: Protein Nutrition ta Problems 
@ Medical Interest, LAMA. 127:1120 (Apel 28) 1945. 
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OBSERVATIONS ON RADICAL SURGERY FOR LESIONS 
OF THE PANCREAS 
ALLEN O. WHIPPLE, M.D., F.A.C.S., New York, New York 


T is now ten years since an effort (28) was 
begun to revive previous sporadic at- 
tempts at operating on malignant tu- 
mors involving the ampullar area and the 

pancreas. Since then considerable progress 
has been made in the evolution of the surgery 
of this region and organ. It is the purpose of 
this paper to discuss the factors that have 
made possible this progress and to call atten- 
tion to mistakes to be avoided and to certain 
safety factors that have been found to insure 
a satisfactory result in the several procedures 
that can be used as indicated by the present- 
ing pathology. The diagnosis of these lesions 
is not discussed in this paper. 

The phase of surgery of the pancreas deal- 
ing with the removal of islet cell tumors for 
hyperinsulinism—a most interesting chapter 
in itself—had a determining influence in de- 
veloping the radical surgery for malignant 
tumors. For it was demonstrated that with 
the use of silk for ligature and suture material, 
with the delicate handling of tissue that such 
technique requires, it was possible to carry out 
safely and with little reaction limited or ex- 
tensive excision of pancreatic tissue. Thus 
the pre-existing dread of the pancreas as a 
noli me tangere was removed, and the confi- 
dence of surgeons was increased in attacking 
the malignant lesions en bloc. 


— the Department of Surgery, Columbia University, New 
ork. 


The history of previous efforts to deal 
radically with the tumors involving the duo- 
denum, the common duct, and the pancreas is 
worth reviewing because it emphasizes the 
grave dangers and the serious complications 
which deterred surgeons in the past from con- 
tinuing attempts to deal with these lesions. 
It must be remembered that these surgeons 
did not know of the advantages of vitamin K, 
blood transfusion, and other shock prevention 
therapy and did not appreciate the signifi- 
cance of the principles of silk technique. 


HISTORICAL REVIEW 


The first successful attempt to remove an 
ampullar growth with excision of a segment 
of duodenum and a portion of the pancreas 
around the ampulla with implantation of the 
pancreatic and common duct in the line of 
suture of the repair of the duodenal defect 
was accomplished by William S. Halsted in 
1899. His patient developed a stenosis of the 
common duct after 3 months, was reoperated 
upon, a choledochostomy being performed, 
but died 6 months later. Autopsy revealed 
recurrent carcinoma in the head of the pan- 
creas and duodenum. 

Mayo-Robson in 1900 and Koerte in 1904 
removed cylindrical segments of the duo- 
denum including an ampullar carcinoma, ‘but 
the patients did not survive the procedure. In 
1907 Desjardins described an operation for 
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radical resection of the head of the pancreas 
and the duodenum, in a two stage procedure, 
as carried out on human cadavers. He pro- 
posed implanting the stump of the pancreas 
into the jejunum. In 1908 Sauvé described a 
one stage procedure, with several variations, 
but he advised bringing the transected neck 
of the pancreas into the laparotomy wound to 
establish a pancreatic fistula. These studies, 
as in the case of Desjardins, were carried out 
on human cadavers. In 1909 Coffey and in 
1914 Kehr proposed resections with implanta- 
tion of the pancreatic stump into the distal 
end of the resected bowel. But so far as one 
can learn from the literature the proposed 
operations by Desjardins, Sauvé, Coffey, and 
Kehr were not performed on living subjects, 
but are indicative of the daring surgical 
thought of that period. Kehr implied in his 
comments that many failures would be neces- 
sary before the operation would prove suc- 
cessful. ‘But the time will come when such a 
technical triumph will be achieved.” 

In 1912 Kausch carried out the first suc- 
cessful partial pancreaticoduodenectomy in 
two stages, implanting the stump of the re- 
sected pancreas into the distal end of the 
resected duodenum. This male patient, 49 
years old, survived in good condition for 9 
months but then developed an acute cholangi- 
tis. A cholecystostomy was then done, but 
the patient died on the evening following op- 
eration. Autopsy revealed no metastases or 
recurrences. The pancreas showed a patent 
pancreaticoduodenostomy with a diffuse fi- 
brosis of the pancreas containing functioning 
acinar tissue. 

In 1914 Hirschel performed a one stage 
removal of part of the duodenum, the am- 
pulla, part of the head of the pancreas and 
lower half of the common duct, a duo- 
denorrhaphy with implantation of the pan- 
creatic duct, a posterior gastroenterostomy, 
and a bridging of the common duct to the 
duodenum by means of a rubber tube. The 
patient’s jaundice was relieved but death 
occurred a year later. The fate of the rubber 
tube and the question of recurrence were not 
determined because no autopsy was done. 

Tenani, in 1922, earried out a successful 
two stage resection of an ampullar growth in a 


43 year old man. At the first operation a 
posterior gastrojejunostomy was done and a 
division of the common duct with a chole- 
dochoduodenostomy in the lower duodenum. 
A month later, with jaundice relieved, the 
second portion of the duodenum was resected 
with a portion of the head of the pancreas 
2 centimeters beyond the limits of the ampul- 
lar growth. The stump of the pancreatic head 
was implanted into the lower end of the tran- 
sected duodenum. After a very stormy post- 
operative period the patient recovered and 
was reported as cured 3 years after the opera- 
tion. 

In 1935, Whipple, Parsons, and Mullins (28) 
published the first report from the Columbia- 
Presbyterian Clinic of their two stage pro- 
cedure for radical en bloc resection of the duo- 
denum and head of the pancreas for ampullar 
carcinoma. This first case is described later. 
During the next 5 years several modifications 
of the two stage procedure were reported by 
the writer (24, 25, 26, 27), but it was not until 
1940 when he first successfully resected the en- 
tire duodenum and all of the head of the 
pancreas in a one stage procedure that the 
advantages of this operation were shown. 
Trimble a few weeks later independently car- 
ried out a successful one stage procedure along 
the same lines. 

During the period of 1935-1940 a number 
of surgeons reported their modifications of the 
two stage procedure, notably Orr (20), Hunt, 
Cooper, and Illingworth. | 

In 1937 Nemenyi reported a one stage pro- 
cedure similar to the technique employed by 
Kausch in 1912 in two stages, but neither of 
these operators removed all of the duodenum. 
In 1940 Hunt and Mahoney carried out one 
stage radical procedures. Brunschwig (1) was 
the first to perform successfully a radical 
pancreaticoduodenectomy for carcinoma of 
the head of the pancreas. For the past 8 years 
he has been one of the most daring and able 
protagonists of the radical surgery of the 
pancreas. His textbook (2) on this subject is a 
masterly review of the subject to the date of 
its publication. Since 1940 many of these 
radical pancreaticoduodenectomies have been 
performed by surgeons in many parts of the 
world. 
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At the 52nd annual meeting of the Western 
Surgical Association Orr (20) presented a 
comprehensive review of the cases of radical 
resection for carcinoma of the ampulla and 
ampullar region including 9 of his own re- 
ported to December, 1944. These totalled 104 
cases. He also gives some 50 references in his 
bibliography. He discusses in this paper the 
diagnosis at operation, the justification for the 
radical procedures, the advisability of anasto- 
mosing the cut end of the pancreas to the 
jejunum, the choice of the one and the two 
stage operation and the choice of technique in 
pancreaticoduodenectomy. 

At the same meeting Cole and Reynolds 
discuss the radical operation and present the 
technique of a modified one stage procedure 
with a review of their 5 cases. Both of these 
papers present new data and are recommended 
for their illustrations and bibliography. 

In analyzing the results of these earlier 
attempts at ampullar surgery one finds that 
the three serious complications were post- 
operative hemorrhage, duodenal fistula, and 
peritonitis. Undoubtedly the chief cause of 
these complications was the use of absorbable 
catgut. In the presence of pancreatic fer- 
ments and duodenal contents the catgut was 
rapidly digested resulting in secondary hemor- 
rhage, duodenal leakage, fistula formation, 
and peritonitis. These operations carried out 
in the presence of deep jaundice and delayed 
blood clotting favored hemorrhage, and shock 
was not prevented or corrected by modern 
intravenous therapy. 

In 1934 the writer operated upon a patient 
with a history of gradually increasing painless 
jaundice. A tumor of the ampulla of Vater 
was found and excised by the transduodenal 
route, uniting the dilated common duct and 
pancreatic duct to the duodenal mucosa. Cat- 
gut was used in this procedure. The patient 
developed a duodenal leak with a diffusing 
peritonitis and died 48 hours after operation. 
Autopsy showed that the chromic catgut used 
for ligatures and sutures had been digested. 
This result was obviously due to the technique 
used and the procedure at best was an in- 
adequate attempt at cancer surgery. We 
were convinced that silk technique with a 
more radical excision was indicated. 
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In July of 1934 (28) a man with a similar 
history was studied and I assisted Dr. William 
Barclay Parsons, to whose service the patient 
had been admitted, in our first attempt to doa 
more radical procedure. It was decided to do 
this in two stages. At the first stage a 
cholecystgastrostomy was done to short cir- 
cuit the bile and remove the hazard of hemor- 
rhage in the presence of jaundice. Some 2 
weeks later the second stage was done. A part 
of the descending second portion of the duo- 
denum was excised with a segment of the 
head of the pancreas including the ampulla of 
Vater. An end-to-end duodenoduodenostomy 
was completed after occluding the pancreatic 
duct with the closure of the defect in the pan- 
creas. A stricture of the duodenum required a 
gastrojejunostomy 3 months after the second 
operation. 

The patient did well for several months, 
gained weight, and showed normal fat di- 
gestion on a measured fat intake-output test. 
But 9 months after the radical procedure he 
was readmitted with chills, steeple type 
temperature and recurrent jaundice, and died 
of a cholangitis. Autopsy showed the stoma of 
the cholecystgastrostomy had contracted re- 
sulting in inadequate bile drainage and an 
ascending colon bacillus infection of the bili- 
ary tract. The liver did not show fatty de- 
generation. 

The fact that Dragstedt had shown in 1918 
that experimental animals could survive total 
duodenectomy, and later Mann and Kawa- 
mura had successfully removed the duodenum 
in dogs warranted the excision of the duo- 
denum with the head of the pancreas for an 
ampullary growth. In February, 1935, I per- 
formed a two stage operation for carcinoma of 
the ampulla consisting in the first stage of a 
cholecystojejunostomy and in the second 
stage, after the relief of jaundice, a removal of 
the duodenum with a large portion of the head 
of the pancreas, occluding the lower end of the 
common duct. This patient did well but at 
the end of 25 months he developed evidences 
of liver metastases and died. 

In subsequent two stage procedures we 
found considerable difficulty in completing the 
second stage because of the extensive and 
vascular adhesions that had developed in the 
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right upper quadrant following the first stage. 
By 1940 the use of vitamin K to restore the 
blood clotting mechanism in the presence of 
biliary obstruction had become well estab- 
lished and transfusion therapy in severe ab- 
dominal operations to prevent shock was well 
recognized. In March, 1940, the writer per- 
formed the first recorded one stage removal of 
the entire head of the pancreas and all of the 
duodenum with occlusion of the pancreas 
(25, 26, 27). Trimble of Baltimore reported a 
similar procedure, carried out independently 
in a patient operated upon several weeks later. 

During the past 5 years there have been 
many modifications of the two stage and of the 
one stage operations. In assessing these modi- 
fications and from our own experience with 8 
two stage and 21 one stage procedures certain 
conclusions can be drawn. These are recorded 
under separate headings with a discussion of 
the reasons for the conclusions, as well as 
certain safety factors in the preoperative, 
operative, and postoperative phases of the 
surgery. 

1. We advocate the one stage procedure 
rather than the two stage operation for the 
following reasons: (a) The danger of hemor- 
rhage and postoperative oozing is controlled 
by preoperative vitamin K therapy. This 
should be given in the form of hiquinone in 
the dosage of 1 gram every 12 hours for 48 
hours before operation. This will restore the 
blood clotting mechanism unless the liver is so 
severely damaged by long standing biliary 
obstruction or a preceding cirrhosis as to de- 
range the prothrombin time. For this reason 
the prothrombin time and the hippuric acid 
excretion tests should be determined before 
operation. (b) The danger of two anesthesias 
and two operative procedures is avoided. 
(c) The difficulties of extensive and in some 
cases massive vascular adhesions at the second 
and more difficult stage are avoided. 

2. The gall bladder should not be used to 
re-establish the flow of bile into the digestive 
tract. Cholecystgastrostomy is especially 
prone to ascending biliary tract infection be- 
cause of the tendency for gastric contents and 
particulate matter to be forced into the gall 
bladder through a stoma that has a tendency 
to become stenosed as a result of the thick 


gastric wall and strong gastric contractions. 

3. The common duct when anastomosed to 
the jejunum, either end-to-side of duct to a 
loop of jejunum or end-to-end of duct to a ver- 
tical limb of resected jejunum, is seldom fol- 
lowed by a cholangitis because of the freer 
flow of bile, the less vigorous peristalsis and 
the less tendency to stenosis of the anastomo- 
sis. The ligation of the upper end of the sev- 
ered common duet if the gall bladder is used 
for shunting is too often followed by a biliary 
fistula, the result of the cutting through of the 
ligature. Such a biliary fistula is a very se- 
rious complication and exceedingly difficult to 
close with a subsequent anastomosis to the in- 
testinal tract. . 

4. The removal of the duodenum for carci- 
noma of the ampullar area and head of the 
pancreas is necessary for two reasons in either 
partial or total pancreatectomy. First be- 
cause complete removal of the head of the 
pancreas so compromises the blood supply of 
the duodenum as to favor necrosis and fistula 
formation. Secondly, in the presence of 
malignancy, lymphatics, and lymph nodes 
harboring tumor cells cannot be as radically 
removed if the duodenum is not excised en 
bloc with the head of the pancreas. 

5. Implanting of the pancreatic duct into 
the jejunal loop is advisable in removal of the 
head of the pancreas. This eliminates all the 
uncertainty and debate regarding an occluded 
pancreas and its relation to fatty changes in 
the liver, and restores the flow of pancreatic 
juice into the intestinal tract for fat, carbohy- 
drate, and protein digestion. This implanta- 
tion of the duct does not require an elaborate 
fluid tight procedure. If the cut end of the 
duct is approximated to a small opening in the 
jejunum by uniting the two openings by a 
goiter tube the two epithelia fuse very 
promptly. This tendency for pancreatic duct 
epithelium to unite with intestinal epithe- 
lium is marked and has been noted by a num- 
ber of investigators in experimental animals. 

6. There are certain variations in the shape 
and size of the head of the pancreas, especially 
in its relation to the superior mesenteric ves- 
sels and portal vein, which largely determine 
the difficulty and hazard of the radical opera- 
tion. This applies especially to that portion 
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of the head which is described in the anato- 
mies as the lingula or uncinate process of the 
head of the pancreas. This may be absent or 
it may be so developed as to encircle com- 
pletely the superior mesenteric vessels and 
part of the portal vein (Fig. 1). Furthermore, 
it is difficult to determine the size of this 
process and its relation to those vessels, even 
after the duodenum with the head of the 
pancreas has been mobilized. 

Unless the superior mesenteric vessels, 
identified as they pass over the terminal por- 
tion of the duodenum, can be shown to pass 
behind the head of the pancreas with no 
pancreatic tissue behind, or surrounding them 
the sectioning of the neck of the pancreas 
must be done from in front and with great 
care to avoid injury to the superior mesenteric, 
the portal, and the terminal splenic vessels. 
If the lingula or uncinate process is present, 
this approach will make it possible to separate 
the vessels from the concavity of the lingula 
visibly and safely. This approach also facili- 
tates the identification of the pancreaticoduo- 
denal vessels and tributaries from the pan- 
creas to the portal bed. 

7. As regards the resections of the pancreas 
for calcification and chronic inflammation 
causing uncontrollable pain, the decision as to 
what part of the organ is to be removed is 
determined by the pathology as shown by 
roentgenograms for calcification, and by the 
gross pathology found at operation. If the 
calcification and induration are limited to tail 
and body, the head of the organ with the duo- 
denum may be left intact. If the pathology is 
limited to the head, a pancreaticoduodenec- 
tomy is indicated with the same one stage 
procedure as described for an ampullar neo- 
plasm. If the pathology involves all parts of 
the pancreas, a total pancreatectomy with 
splenectomy and duodenectomy is the opera- 
tion of choice. This will result in a diabetes, 
but one controlled by smaller doses of insulin 
than in many cases of diabetes mellitus. A 
sufficient number of total pancreatectomies 
have been done to date by several surgeons 
and followed for periods of months to warrant 
the operation for definite indications. 

8. Because of the danger of leakage, during 
the first 2 or 3 days after these radical pro- 


Fig. 1. Variations in extent of the uncinate process in 
relation to superior mesenteric vessels. 


cedures, from the common duct and pancre- 
atic duct, it is essential to establish adequate 
drainage of the denuded retroduodenal area. 
This is best accomplished by a good sized 
soft rubber tube, with side openings, contain- 
ing a smaller rubber tube to which continuous 
suction can be applied. The outer tube with 
several lateral openings prevents the suction 
tube from attaching itself to adjacent tissues 
and insures prompt and constant emptying 
of any exudate or secretions that otherwise 
would collect in the subhepatic space or 
Morrison’s pouch. This has two other ad- 
vantages: it prevents the soaking of the 
dressings with fluid that may have irritating 
and digestive action on the patient’s skin; it 
makes it possible to measure the loss of fluid 
and electrolyte which in some cases may be 1 
or 2 liters daily in the first week of the post- 
operative period. 


PREOPERATIVE CARE 


Measures to determine and to treat the 
cardiovascular, renal, and hepatic dysfunc- 
tion are essential in all radical pancreatic sur- 
gery. The jaundice in many of these patients, 
if of several weeks’ duration, may accompany 
renal and hepatic damage and in the older 
patients myocardial impairment is frequently 
present. Electrocardiographic studies may in- 
dicate digitalis therapy. Nitrogen and dye 
retention as well as bladder retention due to 
prostatic hypertrophy require preoperative 
treatment. Prolonged prothrombin and clot- 
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Fig. 2. Antecolic anastomoses with loop of jejunum. 


ting time demand intensive vitamin K medi- 
cation, preferably by clysis. Failure of the 
prothrombin time to return to normal is an 
indication of severe liver damage and adds 
materially to the danger of the immediate 
postoperative period. It is advisable to give 
25,000 units of penicillin every 4 hours for 24 
to 36 hours before operation to combat gram 
positive bacterial infection in the operative 
field. Preoperative transfusion of blood is 
usually indicated. A Levin or Wangensteen 
tube should be placed in the stomach before 
operation to be used for suction after the ope- 
ration. 
ANESTHESIA 

The choice of anesthesia is largely deter- 
mined by the preoperative study. An ex- 
perienced and skillful anesthetist is essential 
and he should be consulted as to the choice of 
anesthetic in the individual case. In our ex- 
perience gas oxygen ether general or contin- 
uous spinal has given the most satisfactory 
and safe anesthesia. The radical operations 
are 4 hour procedures and require administra- 
tion of anesthesia by skilled technicians as 
well as administration of supportive intra- 
venous fluids in the form of continuous drip 
saline infusion and 500 to 1500 cubic centi- 
meters of matched blood transfusion during 
the latter part of the operation. 


OPERATIVE TECHNIQUES 


The illustrations (Figs. 2, 3, 4) showing the 
three types of one stage radical procedures in- 
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Fig. 3. Antecolic or postcolic anastomoses with vertical 
limb of resected jejunum. 


dicate the steps and stages of the operations. 
Certain points in the anatomy and techniques 
will be discussed in more detail. 

Incisions. The incisions (Fig. 5) depend 
upon the procedure indicated. For the resec- 
tion of the duodenum and head of the pan- 
creas a right rectus incision from costal margin 
to the umbilicus gives adequate exposure and 
avoids the contamination of a long transverse 
incision. For resections of the entire pancreas 
or body and tail, or for exploring the pancreas 
for islet cell tumors the curved transverse in- 
cision above the umbilicus through both recti 
and into the oblique muscles is essential. The 
left rectus incision is mentioned only to con- 
demn it as inadequate and handicapping. 


TECHNIQUE OF THE ONE STAGE PROCEDURE 
FOR CARCINOMA OF THE AMPULLAR REGION 


Incision. Right rectus incision is made from 
near ensiform to below umbilicus. 

rst step. Careful review of the head of the 
pancreas, duodenum, gastrohepatic omentum, 
and liver is carried out to determine presence 
of metastases. 

2nd step. Incision of the peritoneum is 
made to the right of the duodenum with ele- 








~~ 


~— > woes, A 


o me 





cal 


1€S 


the 
im, 
nce 


. is 
ele- 





WHIPPLE: RADICAL SURGERY FOR LESIONS OF PANCREAS 629 





jj) 
jp?) 
YZ 
YY 


Spleen 


YZ ly 
. ¥Y, - Yp 
Zz OD eG} 
g tj CWA 
Zo jj; YW 
YF, ‘ 
LEZ Une 
CLLA, Yy a— 
Z 
ZY 
Yi Pancreas 


\\ AN \ 
Us 

Y 

Zz 


ON 
RK \ \ 
UY 


Duodenum |] 


Fig. 4. Anastomoses with vertical limb of resected 
jejunum following total pancreatectomy, duodenectomy, 
and splenectomy. 


vation of the duodenum to midline to deter- 
mine mobility of the head of the pancreas. 

3rd step. A study of the head of the pan- 
creas at the site of the emergence of the su- 
perior mesenteric vessels from behind the head 
of the pancreas is carried out to determine the 
presence of an uncinate process and the de- 
gree of its encirclement of the superior me- 
senteric vessels. 

4th step. The common duct is separated 
from the portal vein in the gastrohepatic 
omentum or hepatoduodenal ligament, well 
below the cystic duct and behind the duo- 
denum, where it is to be divided between 
clamps. 

5th step. The stomach is divided proximal 
to the pylorus between Payr clamps. 

6th step. The gastroduodenal artery is 
ligated after identification of the hepatic art- 
ery from which it arises. 

7th step. Depending upon the location and 
extent of the tumor and the presence or ab- 
sence of an uncinate process the duodenum is 
divided proximal or distal to the duodeno- 
jejunal junction; proximal if a carcinoma of 
the ampulla is present, distal if a carcinoma 
of the head of the pancreas is present or if the 
uncinate process passes behind the superior 
mesenteric vessels. Great care must be used 
in freeing the duodenojejunal junction to 
avoid damage to the mesenteric root vessels. 





Fig. 5. Incisions used in radical resections of the pan- 
creas. 


In this exposure the inferior pancreaticoduo- 
denal artery can be identified and ligated. 
8th step. The pancreas is now divided 
anteriorly at the junction of head and body, 
the splenic vessels and portal vein identified, 
and the portal vein and superior mesenteric 
vessels carefully dissected away from the head 
of the pancreas. This is especially important 
if the uncinate process encircles the superior 
mesenteric vessels. The head of the pancreas, 
pylorus, end of common duct, and duodenum 
are removed en masse. If the duodenum is 
divided proximal to the duodenojejunal junc- 
tion, the distal cut end should be closed with 
an over and over silk or fine chromic contin- 
uous suture, and this closure buried with 
interrupted mattress seroserous sutures of 
interrupted silk. If the jejunum is divided 
distal to the duodenojejunal junction, the 
distal cut end is used as the anastomotic limb 
and is best brought up through the rent in the 
mesocolon to be used for the necessary anasto- 
moses. If the duodenum has been closed 
either a loop of jejunum can be used ante- 
colically for the anastomoses or a vertical limb 
of the jejunum, divided below the mesocolon, 
can be brought up behind or in front of the 
colon for the anastomoses to be followed by an 
end-to-side Roux jejunojejunostomy. The 
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Fig. 6. Illustrations of repair of the 


drawings (Figs. 2 and 3) illustrate these modi- 
fications. 

oth step. End-to-side gastrojejunostomy is 
performed. 

roth step. The dilated pancreatic duct is ap- 
proximated into the jejunum above the gas- 
trojejunostomy, a goiter or Carrel rubber tube 
being used to connect the pancreatic duct with 
jejunal mucosa through a 5 millimeter opening 
in the wall of the jejunum. The rest of the 
stump of the pancreas is to be tacked to the 
jejunal wall with interrupted silk sutures 
(Figs. 2 and 3). 

11th step. End-to-end or end-to-side 
choledochojejunostomy is performed, depend- 
ing upon the use of a loop or a limb of je- 
junum. A posterior layer of fine silk is used 
for seroserous suture, followed by an over-and- 
over continuous fine chromic suture to unite 
the mucosae and walls of the duct and jeju- 
num, followed by the anterior seroserous 
suture. If there is any tension whatsoever on 
this anastomosis the gall bladder or the hepa- 
toduodenal ligament should be tacked with 
interrupted silk sutures to the jejunal loop or 
limb to relieve tension. If a limb has been 
brought up behind the colon the rent in the 
mesocolon should be tacked to the vertical 
limb of jejunum to close the opening and 
prevent herniation. If a loop has been used 
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incision and drainage tube to be used. 


for the anastomoses the distal portion should 
be used for the gastrojejunostomy so as to 
avoid gastric contents from flowing over the 
common duct and pancreatic duct anasto- 
moses. 

12th step. Peritoneal toilet, sponge and pad 
count are made and a careful review of the 
hemostasis. 

13th step. The perforated rubber tube with 
inner suction tube is placed in the subhepatic 
area away from the anastomoses to collect 
seepage and leakage of bile etc. 

14th step. Near and far steel wire sutures 
through all layers of the abdominal wall, with 
interrupted fine silk mattress sutures for peri- 
toneum and posterior rectus sheath are placed 
and tied before the steel wire sutures are tied 
or twisted to approximate the edges of the 
incision (Fig. 6B). The wire sutures should be 
left in place for 12 to 14 days. The long seg- 
ment of each wire suture should be cut at each 
end near the skin. (Fig. 6D). The next day 
the twisted wire can be removed easily. 

It should be emphasized that a slow trans- 
fusion should be started as soon as the patient 
is found operable, and continued during the 
procedure, using, if necessary, 1000 to 1500 
cubic centimeters of blood. It is a long trying 
operation and depending upon the build of the 
patient and the presence of fat in the upper 
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abdomen and mesenteries the time of the pro- 
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cedure will vary from 3% to 5 hours. 
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PRIMARY SUTURE OF NERVES 


R. B. ZACHARY, F.R.C.S., and W. HOLMES, M.A., D.Phil., Oxford, England 


HE distinction between a primary 
and a secondary nerve suture is 
fairly generally understood, but the 
precise definition of the terms pre- 
sents some difficulties. If a time limit is used 
as the criterion, for example, suture within 12, 
24, or 48 hours, some cases would be wrongly 
excluded from the group of primary sutures 
even though the nerve repair were undertaken 
at the time of the first surgical treatment of 
the wound. In peace time this operation is 
usually done within a few hours, but during 
war the wound excision may not be done for 
2, 3, or more days, when the direct local ef- 
fects of the trauma are still in evidence and 
there has been no tissue repair. It is clear 
that the environment of a sutured nerve at 
such a stage is more closely allied to that 
which prevails in the immediate posttrau- 
matic period than to the conditions obtaining 
when the wound has healed, and a nerve 
suture performed in such circumstances 
would still be a primary nerve suture. For the 
purposes of this paper we define primary 
nerve suture as the repair of a nerve through 
the original unhealed wound at the time of the 
operative treatment of the wound itself. 

The earliest record of nerve suture is of a 
primary repair of the median and ulnar 
nerves attempted by Baudens in 1836 (Létié- 
vant, 1873). Contact of the suture material 
with the nerve was avoided “to prevent 
spasms,” and approximation of the nerve 
stumps was accomplished by suturing the 
adjacent tissues. Unfortunately, the patient 
died 8 days later and the nerve ends were 
found to have separated. 

There is no evidence that the operation was 
repeated until nearly 30 years later; then, in 
1864, 2 more sutures were reported, the first 
performed by Nélaton (Houel, 1864), the 
second by Laugier (1864). Both were pri- 
mary sutures and in each case it was claimed 
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that motor and sensory recovery followed 
within a few days of operation. Howell and 
Huber (1893) collected records of 84 primary 
sutures; they concluded that after primary 
suture “the prognosis is favorable. Function 
will probably be restored completely or 
partially.” They also added that after 
secondary suture “‘the prognosis is good: im- 
provement is almost certain and in a large 
proportion of cases complete success may be 
expected.” In comparing the results of pri- 
mary and secondary suture they were con- 
cerned mainly with the problem of first 
intention healing of nerves. The view has 
been remarkably persistent that primary 
repair of nerves leads to healing by first in- 
tention and early clinical recovery at a rate 
incompatible with degeneration and regenera- 
tion of the distal trunk, and, as late as 1923 
at the International Congress of Surgery in 
London, Henrikson reported such a case. 
But there is no doubt that in all examples of 
apparently immediate recovery, many of 
which have come under our observation, the 
sensory “recovery” is due to overlap from 
adjacent nerves, and the motor “‘recovery” 
anomalous innervation or trick movements; 
the hypothesis of first intention healing is now 
exploded. 

Another review of a series of primary 
sutures was that made by Sherren (1908) who 
examined 50 cases. Recovery of pain sensi- 
bility started between the 5th and 25th week, 
and touch sensibility between the 19th and 
46th week; the longer delay was in some 
cases ascribed to suppuration. He stated that 
restoration of tactile localization was not as a 
rule complete until more than 2 years after 
suture, sometimes longer; and that all cases 
uncomplicated by suppuration regained per- 
fect sensibility. He found that motor power 
returned in about 1 year after suture of the 
ulnar nerve at the wrist and after 2 years 
following suture at the elbow, but he did not 
specify the quality of motor function. In 
reviewing the older cases of primary suture 
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performed at the London Hospital he found 
only one in which there had been no recovery 
—a patient whose wound became infected. 
Sherren advocated primary suture of divided 
nerves “because the prognosis after secondary 
suture is more unfavorable.” 

Platt and Bristow (1923), in reviewing the 
late results of nerve injuries of the war of 
1914-1918, refer to the “extreme perfection 
attained after so called primary sutures” and 
the “incomplete type of recovery which is the 
rule in the majority of secondary sutures.” 
They ascribe the difference to the type of 
lesion—the nerve was more seriously damaged 
in gunshot wounds and these all came into the 
class of secondary sutures. 

Gonzalez-Aguilar (1928) advocated suture 
as soon as possible after the myelin remains 
had been removed from the distal stump, at 
the time when Schwann cells exhibited their 
maximum activity; the optimum time for 
suture in his opinion is about 30 days after 
division of the nerve. 

Herbig (1937) reported 4 primary nerve 
sutures: 2 were followed by complete re- 
covery, 1 by improvement and there was 1 
failure. In a series of 13 secondary sutures 
performed 2 to 12 months after injury, 5 were 
cured and 8 improved: there were no failures. 
His conclusion that primary suture gives the 
best results does not seem reasonable from 
these figures. 

Platt (1937) refers to a series of 12 primary 
sutures. Although he does not give the results 
in detail, he concludes that “in primary 
sutures performed under ideal conditions 
complete recovery of motor power and re- 
covery of protopathic sensibility at least is to 
be expected. In secondary sutures partial or 
complete motor recovery with imperfect 
restoration of sensation has been the rule.” 
He advocates primary suture in small rel- 
atively clean wounds. “In more extensive 
wounds with widespread bruising and mul- 
tiple tendon injuries, and in wounds in which 
infection has already secured a hold, partial or 
complete failure after primary suture is 
almost inevitable.” 

Many other authors (Pollock and Davis, 
1933; Gallie, 1942) hold similar views, but 
Mitchiner (1939) advises primary nerve 
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suture in gunshot wounds “even in the pres- 
ence of moderate infection.”’ 

During the Spanish Civil War, Jolly (1942) 
carried out a number of primary nerve 
sutures, but gave up this practice on the 
advice of Diaz who had found that the results 
of secondary nerve suture were better. 

From the accounts of these authors it 
would appear that the chief factor militating 
against the success of a primary suture is 
infection and, although many would hesitate 
to undertake primary nerve repair when in- 
fection is probable, few would controvert the 
statement of Pollock and Davis that if pri- 
mary nerve suture is performed and “the 
wound remains clean and heals by primary 
intention, we have taken advantage of the 
best possible conditions under which end-to- 
end suture may be performed.” 

The investigation of nerve suture by 
animal experiments performed under aseptic 
conditions has shown that an optimal func- 
tional result is given by primary suture, and 
that delay in repair progressively prejudices 
the quality of recovery. However, the only 
primary sutures in man comparable with 
those carried out experimentally are those 
performed when a nerve is divided, either 
accidentally or deliberately, during the course 
of an operation. The conditions prevailing 
when suture is performed immediately after 
an incised, lacerated, or gunshot wound are 
different in many ways from those prevailing 
in an experimental or accidental operative 
section, and the following analysis of the re- 
sults of primary repair performed under a 
variety of conditions has been undertaken 
with a view to determining the policy to be 
adopted in the early treatment of divided 
nerves. 


MATERIAL AND METHOD OF INVESTIGATION 


Material. In this series are included all the 
cases of primary nerve suture which have 
come under observation at the Peripheral 
Nerve Injury Centre at the Wingfield-Morris 
Hospital, Oxford, during the years 1940-1944. 
We have excluded all those in which the 
surgeon aimed at nothing more than a rough 
approximation of the stumps at the primary 
operation. There were 55 primary nerve 
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TABLE I.—PRIMARY NERVE SUTURES 


Nerve Site | Type of wound |Number| Total 


















































| 
Ulnar High Gunshot 3 
laceration I 
operative 2 
6 
—— A SO ne 
| Low Gunshot 
| star cestihite ee atl 
} laceration 18 
20 
Median | High Laceration I 
I 
Low Gunshot I 
laceration 16 
| 17 
Radial | Gunshot 6 
| -_ 
operative I 
7 
Sciatic Main trunk Laceration I 
Medial Gunsaot 2 
popliteal 
laceration I 
4 
eS) a 55 
N.B. The term “‘laceration”’ includes lacerated or incised wounds. 


sutures in 49 patients. In 3 the nerve was 
accidentally divided at operation, and im- 
mediate suture was undertaken. Fourteen 
nerves were sutured during the primary 
treatment of gunshot wounds and 38 during 
the repair of incised or lacerated wounds: the 
results in these cases demand special atten- 
tion (Table I). 

The pattern and quality of recovery after 
nerve suture depend to a certain extent on the 
nerve involved, and for this reason lesions of 
individual nerves will be considered separ- 
ately before a final review is attempted. 
Another variable factor that must be allowed 
for in the analysis is the site of the lesion. 
Recovery after suture of the median or ulnar 
nerve in the arm is nearly always less satis- 
factory than after suture in the forearm, and 
the results in these two nerves are therefore 
given separately for high and low sutures. 

In the early days of this work, those pa- 
tients whose nerves had been sutured at the 
primary operation were not subjected to 
re-exploration unless there was some very 
obvious reason for doing so, such as the 
absence of any sign of recovery long after it 
was due. Thus the cases in this group have 
been under observation for a considerable 


time—up to 4 years—ample time for re- 
covery to reach a stage at which it could 
reasonably be compared with that observed 
after secondary suture. More recently, after 
it had been found that a number of primary 
nerve sutures had not been followed by satis- 
factory recovery, the policy was changed, and 
on a number of occasions exploration was 
undertaken at an early date; in 16 cases 
resection and resuture were performed. In 
some of the cases subjected to reoperation 
sufficient time had elapsed for recovery to be 
apparent and the quality of such recovery as 
had occurred will be indicated. In a certain 
number, however, exploration and resuture 
were undertaken before any clinical signs of 
regeneration could be expected and in these 
the data on which the assessments of the 
success, or otherwise, of the primary suture are 
based, are histological—not clinical. 

Clinical grading of recovery. In 1942 the 
Medical Research Council adopted a scheme 
for the assessment of recovery in peripheral 
nerve injuries suggested by Highet (Highet 
and Holmes, 1943). This system has a neuro- 
logical basis, and motor and sensory recovery 
are considered separately. Although the 
scheme provides a valuable foundation it has 
been found necessary for our purposes to 
introduce certain intermediate grades in the 
assessment of ulnar, median, and radial 
palsies. For example, after a high lesion of the 
median nerve the recovery of slight power in 
the long flexor muscles is described as grade 
M.1, yet another patient who shows con- 
siderable strength in the long flexors but has 
not yet regained voluntary power in the 
thenar muscles comes into the same low cate- 
gory. Similarly with the ulnar nerve, a 
patient who has recovered only slight volun- 
tary power in the hypothenar muscles is 
classified as grade 2, which is the grading for 
another patient who has regained voluntary 
power in all the intrinsic muscles, though not 
sufficient to act against resistance. It is 
necessary to introduce intermediate grades 
for each nerve, and the following system has 
been adopted in this paper. It is presented 
at length herein since others may find the 
classification of use in the accurate assessment 
of recovery. 
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ULNAR NERVE 


Motor Recovery 

M.o. No contraction in any muscles. 

M.1. Return of voluntary power in the proximal 
(long flexor) muscles although they are not able to 
act against gravity. 

M.1-+ The proximal muscles act against gravity. 

M.2. The proximal muscles are acting and there 
is a contraction in the hypothenar muscles at least, 
with either no action in the interossei or not more 
than a flicker. 

M.2+ The proximal muscles and the intrinsic 
muscles are all acting, and the first dorsal interos- 
seous muscle produces a definite movement but does 
not act against resistance. 

M.3. The long flexor muscles, the hypothenars 
and the first dorsal interosseous act against re- 
sistance. 

M.4. As in grade 3 but some independent lateral 
movement of the fingers is possible. 

M.4+ Recovery to grade 4 but the independent 
movement is good although not perfect. 

M.s. Complete recovery. 


Sensory Recovery 
The subdivisions are the same as for the median 
nerve and will be dealt with under that heading. 


MEDIAN NERVE 


Motor Recovery 

M.o. No contraction in any muscles. 

M.1. A definite contraction in the proximal (long 
flexor) muscles but they do not act against gravity. 

M.1+ The proximal muscles act against gravity 
but there is no return of power in the thenar muscles. 

M.2. The proximal muscles act against gravity 
and there is a flicker in the thenar muscles. 

M.3. The thenar muscles act against resistance. 

M.4. All muscles act against strong resistance and 
some independent action is possible. 

M.s5. Full recovery in all muscles. 


Sensory Recovery 

S.o. No recovery of sensibility in the autonomous 
zone of the median nerve. 

S.1. Recovery of deep cutaneous pain sensibility 
within the autonomous zone of the median nerve. 

S.1+ Recovery of superficial pain sensibility. 

S.2. Recovery of superficial pain and some touch 
sensibility. 

S.2+ Recovery of superficial pain and touch 
sensibility throughout the median area but with 
over response. 

S.3. Recovery of pain and touch sensibility with 
disappearance of over response. 

S.3+ Recovery as far as S.3 but localization of the 
stimulus is good and there is imperfect recovery of 
two-point discrimination. 

S.4. Complete recovery. * 


RADIAL NERVE 


Motor Recovery 
M.o. No recovery. 
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M.1. Return of voluntary power in the proximal 
muscles but not sufficient power to act against 
gravity. 

M.1-+ Return of power to the proximal muscles 
sufficient to act against gravity, no return in the 
muscles acting on the thumb. 

M.2. Return of voluntary power in the proximal 
muscles and the muscles acting on the thumb, but 
the latter are not able to act against resistance. 

M.3. Recovery to M.2 but abductor pollicis 
longus and extensor pollicis longus act against re- 
sistance. 

M.4. Proximal and distal muscles are acting 
strongly against resistance and some independent 
movement of the fingers is possible. 

M.4+ Independent movement very good but not 
perfect. 

M.s5. Complete recovery. 


Sensory Recovery 
Intermediate grades as for median nerve may be 
used. 


Although both motor and sensory recovery 
will be indicated in the tables giving the 
results of primary suture, it is clear that for 
the ulnar and radial nerves motor recovery is 
the more important and should be used as the 
chief criterion for comparison, whereas for the 
median nerve good sensory recovery is of 
chief importance. 

One further point must be made clear 
before presenting the results. Previous au- 
thors have been impressed by the poor quality 
of recovery after secondary nerve suture as 
compared with primary, which is not sur- 
prising if all secondary sutures are taken into 
account. Such a comparison is not of great 
value since it would include consideration of 
many nerve injuries for which primary suture 
would have been quite impossible, for ex- 
ample, those in which there was a large gap. 
It would also include many cases in which 
there was an unnecessarily long delay, for 
example, in cases in which exploration had 
been postponed many months in the hope of 
recovery, because at the primary operation 
the nerves were not seen to be divided; and 
also in cases complicated by prolonged sepsis. 
Such delay leads to profound changes in the 
nerve, the end-organs and muscles, changes 
which adversely affect the quality of re- 
covery. A better idea of the value of primary 
suture is obtained by comparing the quality of 
recovery with that seen after early secondary 
repair of lesions in which the gap was not so 
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TABLE II.—PRIMARY SUTURES OF ULNAR NERVE IN ARM 

































































~ Recovery 
Case No vine Secondary 
File No.| Type of wound Associated lesions a Na ty Sepsis | Site of suture Galvan- D operative 
Age ime a ter ism ays findings 
injury Grade after 
suture 
I Operative Tuberculosis of Statim - At elbow ~ M.2+S.2+ 4000 
Kut elbow 
21 
2 Gunshot - 48 hrs. - At elbow + M.2 S.2 330* 
W.84 
30 
3 Gunshot | Compound fracture 4 hrs = Above elbow M.2 S.1+ 1000 
B.23 of humerus 
25 
4 Laceration Muscle damage 1 hr. + 14 cm. above + Ma St 400* 
$.098 medial epi- 
38 condyle 
5 Operative Rupture of triceps Statim — At elbow + S.2 630 
D.18 (Anomalous 
26 motor sup- 
ply) 
6 Gunshot Muscle damage and | A few hours + 14 cm. above - None 130 | Separation of 
C.30 median nerve medial epi- stumps. Re- 
30 division condyle suture 








*Further recovery probable. 


large that it would have precluded primary 
suture. Some arbitrary classification must be 
made both as regards extent of the gap to be 
closed and the interval that elapsed before 
suture. For purposes of comparison we have 
thought it reasonable to use those secondary 
sutures performed within 6 months from the 
date of injury, in which the gap was less than 
6 centimeters. There must be few wounds in 
which primary nerve suture is feasible, which 
are not fit for the secondary operation within 
six months. 


RESULTS 
Clinical Review 


a. Clinical review of results of primary nerve 
suture—High ulnar sutures (Table II.) The 
quality of recovery after primary suture of the 
ulnar nerve above the elbow was not good, but 
recovery of power in the intrinsic muscles of 
the hand is usually poor after high lesions, 
whether suture is performed early or late. In 
2 of the 6 cases (1 and 3) the final stage of 
recovery had been reached—in Case 1 the 
result was moderate and in Case 3 poor. 

Low ulnar nerve sutures (Table IIT). There 
were 20 cases in which the ulnar nerve was 
sutured in the forearm at the primary opera- 
tion. In Cases 22 to 26 resection and resuture 
were performed before any appreciable re- 





covery could have been expected. In Case 21 
suture was of the sensory division only, and 
one patient (Case 20) drowned before there 
was time for recovery to be well advanced. 

The remaining 13 cases had sufficient time 
to show a considerable degree of recovery. Of 
these, 2 (Cases 7 and 8) reached grade M.4 in 
which some independent lateral movement of 
the fingers was possible. One was a boy aged 
7 years, which is significant, since it has be- 
come clear from a study of many nerve in- 
juries that the rate of recovery is more rapid 
and the quality better in children than in 
adults. Two others reached grade M.3. 
Three patients recovered to grade M.2. In 
one of these an anomalous branch was found 
arising above the lesion and joining the nerve 
again below the site of division. The sparing 
of this branch might have enhanced the qual- 
ity of recovery. In Case 13 the primary 
suture was performed at the Wingfield-Morris 
Hospital, and the lesion was re-explored 19 
months later, because recovery was not pro- 
ceeding satisfactorily. There was a large 
neuroma at the site of suture. 

In the remainder, the recoveries Were poor 
although in Cases r4, 15, and 16, the assess- 
ment must not be regarded as final. 

Median nerve sutures (Table IV). There was 
only one primary suture of the median nerve 
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TABLE III.—PRIMARY SUTURES OF ULNAR NERVE IN FOREARM 
Pri | Recovery 
Case No. wacgenor: |——— ee Secondary 
File No.| Type of wound Associated lesions — Sepsis | Site of suture ope —— operative 
Age ra . y findings 
injury Grade after 
suture 
7 ee | Gunshot Compound fracture | 6 hrs. - 9 cm. above + M.4 S.2 1250 
H.14 ulna pisiform 
3. Laceration Tendon damage A few brs. — ‘Pisiform + M4 S.3 870 
B.40 
> Laceration - 4 hrs. _ 5 cm. above a M.3 S.2+ 1200 : 
B.54 pisiform 
21 
“50 Laceration Tendon damage A few hrs. ~ 9 cm. above + M.3 S.2 1300 
G.16 pisiform 
26 
Fj II Laceration Tendon damage 4 hrs. - 2 cm. above oa M.2+5S.2 720 
F.13 pisiform (Anomalous 
30 bran 
12 Laceration Median nerve lesion | 2 hrs. ~ 1 cm. above + M.2+5S.3 1800 
R.13 pisiform 
49 
13 Laceration Tendon damage 5 hrs. ~ 2.5 cm. above + M.2+58.3 1300 | Re-exploration 
P.7 Median nerve pisiform Large neu- 
33 lesion roma 
it Laceration Tendon damage A few hrs. ~ Wrist - M.2 S.2 400* 
2 
31 
15 Laceration Tendon damage 1 hr. = 6 cm. above - M.2 Si 450* 
K.12 pisiform 
33 
16 Gunshot _ 4 hrs. ~ 7 cm. above - M.2 S. 360* 
T.28 pisiform 
20 
17 Laceration Tendon damage A few hrs. - 2.5 cm. above ~ M.2 Si 1400 
W.10 pisiform 
41 
18 Laceration Tendon damage A few hrs. ~ 12 cm. above 7 M.2 S. 1300 
P.2r Median nerve pisiform 
53 lesion 
Py Laceration Tendon damage 1 hr. _ Pisiform + M.1+5S.2 1800 
47 
41 
20 Laceration Muscle damage 6 hrs. - 15 cm. above oa M.1+5S.0 240* | Died before re- 
J.13 pisiform covery well 
22 advanced 
21 Laceration Median nerve lesion | 2 hrs - Wrist S.3 1000 
S.18 (Partial 
30 suture) 
22 Laceration Tendon damage 12 hrs. — 5 cm. above None 120 | Hard neuroma 
C.117 pisiform Resuture 
25 
23 Laceration Tendon damage 1 hr. Slight | 3 cm. above None 125 | Hard neuroma 
G.42 pisiform Resuture 
39 
24 Laceration - A few hrs. = Wrist None 1co | Hard neuroma 
J.41 Resuture 
32 
25 Laceration Tendon damage 3 hrs. = Mid forearm None 110_| Hard neuroma 
R.60 Median nerve le- Resuture 
62 sion 
26 Laceration Tendon damage 1 hr. + Wrist None 65 | Hard neuroma 
D.43 Dense scar - 
44 Resuture 


























*Further recovery probable. 












Case No 
File No 
Age 


High 
27 
$.98 

38 
Low 
23 
H.10 
23 
29 
0.10 

5 
3° 
0.3 
26 


31 
R.13 
ae 
32 
L.9 
aI 
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TABLE IV.—PRIMARY SUTURES OF MEDIAN NERVE 





































































































*Further recovery probable. 





























tii } Recovery 
nerve ~~ | = Secondary 
‘Type of wound Associated lesions Ti ~ * | Sepsis Site of suture operative 
ime after — ae 
| a Grate Days after findings 
ae a | . suture 
_ —— —— a > a = ee | ee ee 
| 
Laceration Muscle damage _ 1 hr. + | 11 cm. above M.2 S. 400* 
Ulnar rerve lesion | | media] epicon- 
| } | dyle 
j <5 ee a SS ee ee ee 
Gunshot - 5 hrs. Wrist M.4 S.3+ | 1450 
| 
SS — ms ae 
Laceration Tendon damage A few hrs. ; o— Wrist M.4 S.3+ 800 
Laceration Tendon damage \ hr. _ 9 cm. above S.3+ 540* 
pisiform (anomal- 
ous motor 
supply) 
Laceration Tendon damage _ 2 hrs. 1 cm. above M.3 8.3 18co 
Ulnar nerve lesion pisiform 
Laceration Tendon damage 4 hrs. =~ 0.5 cm. above M.2 S.3 1200 
pisiform 
Laceration Tendon damage _ 5 hrs. = 2.5 cm. above M.3 S.3 41300 
Ulnar nerve lesion pisiform 
Laceration = A few hrs. - Mid forearm M.2 S.2+ 1150 
Laceration Partial ulnar nerve 2 hrs. _ Wrist M.4 S.2+ 1000 
lesion 
Laceration Tendon damage 6 hrs. — Wrist M.1 S.2 600 
Laceration Tendon damage Immediate _ Wrist M.3 S.1 420* 
| Laceration Tendon damage _ A few hrs. - 12 cm. above M.2 S.1 1000 
Ulnar nerve lesion pisiform 
Laceration Muscle damage A few hrs. _ Mid forearm M.2 Sur 310* Hard neuroma 
Resuture 
Laceration Tendon damage 4 hrs. - Wrist |M.t S.o 540 Separation 
esuture 
Laceration Tendon damage 12 brs. | -— Wrist none 190 Separation 
| Resuture 
Laceration Tendon damage | 4 hrs. | = Wrist none go Hard neuroma 
| Resuture 
-_ ee ——— ee ee 
Laceration | Tendon damage 1 hr. | - Wrist none 45 Hard neuroma 
| } : Resuture 
| 
Laceration Tendon damage _ 3 hrs. | ~ Mid forearm none 110 Hard neuroma 
Ulnar nerve lesion | Resuture 





above the elbow, and there has not yet been 
time for recovery to be well advanced. 

In 17 patients primary suture was per- 
formed on the median nerve in the forearm. 


In 13 sufficient time had elapsed for sub- 
stantial recovery to occur. In 3 the grade of 
recovery was very good, with return of touch 
sensibility throughout the median area of a 
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TABLE V.—PRIMARY SUTURES OF RADIAL NERVE 
. Recovery 
Case No. ; om - eaminceneiieaasiti Secondary 
File No. | Type of wound Associated lesions ager * | Sepsis Site of suture operative 
Age ae ~ Days after findings 
:o injury | Grade suture ‘ 
45 Gunshot Compound fracture 8 hrs. = 13.5 cm. above M.4 S.2 1000 | 
D.s humerus medial epicon- | 
26 yle 
46 Gunshot - 14 hrs. _ 16.0 cm. above M.3 S.2 : 1300 
R.8 medial epicon- 
25 dyle 
i 47 Gunshot ~ 12 hrs. + 10.0 cm. above ‘Ma EPs 7 "540" | : a 
H.21 media! epicon- | 
20 yle | 
48 Gunshot Compound fracture 7 hrs. + 11r.0ocm.above | M.2 S.1 maa 450° © basen 
J. humerus medial epicon- 
22 dyle | 
ae Set Sern SieicilSeahae! amcaesiaeasl 
49 Gunshot Compound fracture 8 days a 18.0 cm. above none | 300 Separation of 
D.40 humerus lateral epicon- stumps. 
45 dyle Resuture 
50 Gunshot - 8 hrs. - 12.0 cm. above none 7° | Hard neuroma 
R.31 lateral epicon- | | Resuture 
20 dyle 
51 Operative = Immediate Elbow | none 40 Separation 
F.14 | Resuture 
26 














*Furtherimprovement probable. 
degree sufficient to localize the stimulus and 
to distinguish the points of a compass less than 
1 centimeter apart. One of the patients was a 
girl aged 5 years. In 3 others two-point dis- 
crimination and localization did not return so 
well, but there was no over-reaction to pin 
prick. In Cases 35 and 36 there were moder- 
ate sensory recoveries, but in the remaining 5 
recoveries were poor, although further im- 
provement might occur in 2. In 6 patients 
(including 2 mentioned above) the site of 
primary suture was explored and secondary 
suture undertaken. They will be considered 
later. 

Radial nerve sutures (Table V). There were 
7 cases of primary suture; in 5 sufficient time 
had elapsed for some degree of recovery to be 
apparent; in 2 re-exploration and suture were 
performed at an early date. 
~ Of the 5, 1 showed good recovery, 1 moder- 
ate, and 2 fairly poor; the last 2 may improve 
further since they have been followed for only 
15 and 18 months, respectively; there was one 
failure. 

Sciatic nerve sutures (Table VI). In 3 
patients the posterior tibial nerve was sutured 
at the primary operation with recovery of 
touch and pain sensibility but persistence of 
overreaction to pin prick. There was only 1 








patient in whom the main trunk of the sciatic 
nerve was sutured at the primary operation. 
The site of suture was explored and resected 
before recovery could have occurred, and this 
case is considered in the histological section. 

There were no primary sutures after 
wounds involving the lateral popliteal nerve. 

b. Comparison of results of primary and early 
secondary sutures. The results of primary and 
early secondary sutures of the ulnar nerve 
above the elbow are shown in Table VII. 
Most of the gradings are not final, but it does 
not appear likely that the results of the final 
comparison will be significantly different. In 
none was there motor recovery to grade M.3. 

Low ulnar nerve sutures (Table VIII) have 
good and poor results in both groups, but it is 
clear that the general standard of recovery 
after secondary suture is better than after 
primary suture. Two out of 13 primary 
sutures had reached grade M.4 compared 
with 4 out of 12 secondary sutures. Four 
primary sutures had reached the stage at 
which the intrinsic muscles were acting 
against resistance (M.3), whereas 8 secondary 
sutures had reached this grade. Although 
there are 3 primary sutures in which further 
progress is likely, 4 secondary sutures should 
improve still further. 
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TABLE VI.—PRIMARY SUTURES OF SCIATIC NERVE 























A Recovery 
Case No. a. Secondary 
File No. | Type of wound Associated lesions . * | Sepsis Site of suture operative 
e Time after Days after Endi 
injury Grade — ng 
(a) Main) sciatic trunk , 
2 Laceration Muscle damage 3 hrs. Lower border of | None 190 Separation, re- 
71 gluteus maxi- suture 
20 mus 
(b) Post. \tibial nerve 
53 Gunshot — Soon Below motor S.2 1100 
G.35 branches 
30 
54 Laceration = 7 hrs. 8 cm. above S.2 700 
S.41 malleolus 
26 
55 Gunshot - 72 hrs. Partial division | S.2 1250 
L.34 15 cm. above 
28 malleolus 





























Three of the 9 secondary sutures of the 
median nerve (Table IX) reached a high grade 
of recovery compared with 3 out of 13 primary 
sutures. Six out of the 9 had reached grade 
S.3 compared with 6 out of 13 primary su- 
tures. The contrast between these two groups 
is not striking but the balance is in favor of the 
secondary sutures. Four of the latter have 
not yet reached their final stage, and 3 pri- 
mary sutures may show some improvement 
later. 

The high quality of recovery after early 
secondary suture of the radial nerve is at once 
apparent (Table X). Six out of 8 secondary 
sutures reached grade M.4, compared with 


TABLE VII.—COMPARISON OF PRIMARY 
AND EARLY SECONDARY SUTURES 
High Ulnar Nerve Sutures 





















































Primary Early Secondary 
A : . Days Da: 
Case No Grade of . te N Grade of we 
File No. recovery —_ File No. recovery = 
rf, M.2+S.2+ 4000 S.73 M.2+5S.3 ; 450* 
I 
B.64 | M.2+S.2 | 780, 
2 M.2 S.2 330* 86 M.2 S.2+ 660* 
W.84 
3 M.2 St 1000 E.14 M.2 S.2 60 
B.23 
e _C.30 | M.2 S.2 1180 
itm it ~_t hhh 
S.98 
5 S.2 630* 
D.18 |(anomalous mo- 
tor). 
(innervation) 














*Further recovery probable. 


one out of 5 primary sutures. Further im- 
provement is likely in 2 secondary sutures and 
also in 2 primary sutures. Allowing for the 
recovery of these sutures to the next grade, 
the balance would still be strongly in favor of 
the early secondary sutures. 

Two early secondary sutures of the pos- 
terior tibial nerve resulted in recovery of a 
similar grade to that after primary suture, but 
the value of comparing recoveries of this 
nerve is probably not great, on account of the 
difficulties in grading sensibility on the sole of 
the foot. 

The comparison between recoveries after 
primary and secondary suture is set out in the 
histograms (Figs. 1,2,3) in which the motor or 
sensory recovery is plotted along the abscissa 
and the number of cases is plotted along the 
ordinate. The method has limitations since 
the time interval after suture is omitted, but 
an indication is given of the cases likely to 
show further recovery, i.e. where the assess- 
ment was made less than six hundred days 
after operation. 

Now that the data in each group have been 
presented, we can depict the results in the 
whole clinical series in the form of a single 
composite histogram. For this purpose we 
have recorded the motor recovery of the ulnar 
and radial nerves and the sensory recovery of 
the median nerve on the same histogram. The 
result is shown in Figure 4, in which the more 
uniformly good results after early secondary 
suture are at once apparent. The number of 
recoveries to grade M.4 or S.3 after secondary 
suture, is 16 out of 34 with 7 intermediate re- 
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TABLE VIII.—COMPARISON OF PRIMARY AND EARLY SECONDARY SUTURES 


Low bananas Nerve Satares 





























































































































Primary Early Secondary 
| Recovery Recovery 
Case No. i an | ~* , ~ . . ‘teem icineea ean tae — eae 
Galvanism | File No. Galvanism 
File No. | Gusta Days after | _— Days after 
Pes | “ suture “ suture 
7 —. Ife 3/W for6M. | M.4 S.2 1200 M.4 M.4 $.3+ goo 
H.14 | 
8 +- M.4 Re 870 D.17 Mua Sis 630 
B.40 | 
| C.390 = Mes 4 S.3 3 goo 
| W.53 3/W after ™M. 4 Ss .2 560* 
| 18 M. 
9 5/W for 6 M. | M.3 S.2+ 1200 M.17 ~ M.3 S.3 1200 
B.s54 | 3/W for 2 yrs. 
10 | 2/W for 1 yr. | M.3 S.2 1300 | A.s | + M.3 S.2 1320 
G.16 | | 
| G.33 | a | M.3 Sensory 540* 
| | } | branch spared — 
G.27 + M.3 S.3 720 
II | 5/W for 18 M. | M.2+5.2 goo B.s5 | — M.2+-S.2 | 540* 
12 | } 
12 | + 2 yrs. M.2+5.3 1800 Z.1 M.2-++S.2+ | 660 
R.13 } 
13 | + | M.2+S.3 1300 | S.75 M.2+S.2 540* 
P.7 | 
& | q < C.20 al M.2 tS. 1380 : 
| 
14 _ M.2 S.2 400* | 
W.28 
15 = M.2 S.t 450%] 
K.12 | 
16 M.2 Sut 360* 
T.28 | 
17 = M.2- S.1 1400 | 
W.10 
18 + M.2 S.1 1300 | 
P.21 
19 + M. © S.2 1800 | 
Cc. Yn 


*Further recovery y probable. 


coveries of lower quality. In the group of 
primary sutures 9 out of 39 had reached the 
same high grade, with 9 other recoveries at an 
However, even in the 
incomplete recoveries the quality is higher 
in the early secondary sutures; 9 out of 11 
intermediate recoveries in the early secondary 
sutures had reached M.2-+ or S.2 whereas none 
of the corresponding primary sutures had re- 


intermediate stage. 


covered so far. 


c. Associated factors. Why do these results 
not bear out the theoretical superiority of 
primary nerve suture over later repair? 


What adverse factors may have impaired or 


prevented recovery? 


Age. Two primary sutures were performed 
on children, aged 7 and 5 years, respectively 
(B.40 and 0.10) and both resulted in a high 
grade of recovery. The influence of youth on 
the quality of recovery is shown by another 
case not in this series. A girl aged 9 years sus- 
tained a division of the median nerve which 


was repaired 3 years later. 


Eighteen months 


after operation there was recovery to M.4 
S.3+,equal to that of the best primary suture. 
There were no children in the group of early 
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Primary Early secondary 
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34 4 
33 3 
39 9 
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7a 5 129 943 4 4+5 


Grade of motor recovery 


Fig. 1. Histogram showing recovery after primary and 
early secondary sutures of the ulnar nerve. In all histo- 
grams cross hatched area indicates intermediate grade of 
recovery; black area final grade of recovery. 


secondary sutures and, with this exception, 
the ages in the two groups are comparable, 
almost all being between 20 and 4o. The re- 
sults in this group of primary sutures have 
been enhanced by the inclusion of these two 
children. 

The type of injury. Of the 14 gunshot 
wounds in which primary suture was per- 
formed, 12 had sufficient time to show re- 
covery. Three of these reached a high grade, 
M.4 or S.3, and 4 others in grade M.2 or S.1 
may still improve (Fig. 5). 

Twenty-seven lacerated and incised wounds, 
similarly treated, showed 6 good recoveries 
(grade M.4 or S.3) and 5 in the lower groups 
may improve still more. 

There is no conclusive evidence from these 
figures of any clear superiority of primary 
nerve suture in lacerated and incised wounds 
over that performed in gunshot wounds. 

Sepsis. Three primary sutures were fol- 
lowed by gross sepsis, and at operation the 


Early secondary 


Primary 
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Fig. 2. Histogram showing recovery after primary and 
early secondary sutures of the median nerve. 





TABLE IX.—COMPARISON OF PRIMARY 
AND EARLY SECONDARY SUTURES 
Low Median Nerve Sutures 
















































































Primary Secondary 
Days Days 

Case No. |Grade of re- after | File No Grade of re- pa 
File No. covery aint - covery Pesos 
29 M.4 S.3+ 1450 M.4 M.4 S.3+ 900 
H.10 

30 M.4 S.3+f 800 G.36 M.4 S.3+ 540* 
0.10 

31 S.3+ s4o* | B.35 S.3+ 540* 
0.3 

32 M.4 S.3 1800 Cur M4 S.3 1000 
R.13 

33 M.2 S.3 1200 D.12 M.4 S.3 1000 
L.o 

34 M.3 S.3 1300 P.17 M.1+5S.3 1030 

7 

5 M.2 S.2+ 1150 

-49 

36 M.4 S.2+ 1000 

S.18 

37 | eres | 600 R.14 fous S.2 | 1200 
C.83 

38 | M.2 St 1000 D.28 M.1+5S.1 500* 
P.21 

39 |M.3 S11 | 420% 

P.67 

4° | M.2 S.t | 310* 

S.55 | 

41 M.1+S.0 | 540 

J.40 











*Further recovery probable. 


sutured stumps were found to have separated. 
In 4 other cases the wound became infected to 
a moderate degree after the primary opera- 
tion, but in none of these has recovery reached 
the final stage. Figure 6 shows the results 
after all those cases in which the wound be- 
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Fig. 3. Histogram showing recovery after primary and 
early secondary sutures of the radial nerve. 
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TABLE X.—COMPARISON OF PRIMARY AND EARLY SECONDARY SUTURES 
Radial Nerve Sutures 
Primary Early secondary 
Recovery | Recovery 
Coe ng Galvanism . " File No. | Galvanism aa - 
* | | lo | | | orde | Pagal 
N.s5 3/W | M.s5 S.2 600 
| : B.4 | _ | MuatS.4 1550 
| Mc.13 5/W —_ | M.44+5.3 oo s40* : 
R.7 | ~ | M.4+S.2 1100 
| F.14 3/W M.4+S.2 on too _ 
a - M.4 S.2 1000 i F.5 - _ | M.4 Sa a ——- 850 _ 
; ra -  |Ms Se | 1300 ~ ae. ee “Tee se | 720 | 
; i oe M.2+5.2 | 540* Tso | S/WtC«dS~M Sat” i ~ 4so* 
so gees = M.2+5.1 as | 450* | < _ are 
: es +after 4/M | M.o S.o 300 | 


D.40 


*Further recovery probable. 


came infected were eliminated. Although the 
results are better than when the infected 
cases are included, there is still a considerable 
proportion which have not reached a high 
grade of recovery. 

Physical treatment. The two principal types 
of physical therapy which may have in- 
fluenced recovery—and, so far as we know, 
only motor recovery—are passive movements 
to preserve joint mobility and electrical 
stimulation of the paralyzed muscles. The 
first is irrelevant since only 1 patient (P.21) 
had limited mobility of the joints of a degree 
sufficient to interfere with the function of the 
recovering muscles. 

The influence of electrotherapy on the 
quality of recovery is very difficult to assess. 
Only those cases are available for comparison 
in which motor recovery is the criterion, 
namely ulnar and radial palsies. Fourteen out 
of 21 received electrotherapy but the inten- 
sity, frequency, and duration of the treatment 
varied between such wide limits, that it 
would be unreasonable to place too much 
reliance on the pooled results and in any sub- 
divisions the numbers which were included 
in each instance would be statistically insig- 
nificant. 


The histogram (Fig. 7) shows no evidence of 
a significant effect of galvanism on the quality 
of recovery in these primary sutures. 

It is clear that the factors we have just 
discussed do not fully explain the failure of 
such a large proportion of primary nerve 
sutures to reach a high grade of recovery, and 

Primary Early secondary 
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11 11 
10 10 
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or less 
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Grade of motor or sensory recovery 


Fig. 4. Histogram showing recovery after primary and 
early secondary sutures of ulnar, median, and radial 
nerves. 
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Lacerated or incised 
wounds 


Gunshot wounds 
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Grade of motor or sensory recovery 


Fig. 5. Histogram showing recovery after primary 
sutures of ulnar, median, and radial nerves in gunshot 
wounds and in lacerations. 


it therefore appears likely that the actual 
surgical repair of the divided nerves has not 
been satisfactory in a considerable number of 
cases. The defects in technique have been 
investigated by exploration of the site of 
several primary sutures and _ histological 
examination of the lesions. 


Histological Review 


Nineteen primary nerve sutures were re- 
explored and 16 of these were resutured. Five 
nerves were explored because recovery was 
unduly delayed and, as there had been ade- 
quate time for considerable recovery to occur, 
they will appear in both the clinical and 
histological series; 3 were resutured. The 
remaining 14 were explored at an early date 
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Fig. 6. Histogram showing recovery after primary and 
early secondary sutures of ulnar, median, and radial 
nerves, not complicated by postoperative sepsis. 


after the primary operation because we had 
been disappointed with the results of primary 
nerve suture. In 13 cases, resection and 
resuture were performed, the principle cri- 
terion being the appearance and consistency 
of the nerve at the site of suture. 

Of the 16 nerves resutured, 6 were found to 
be grossly separated and microscopical ex- 
amination of the distal trunk showed no 
reinnervation; ne further description of the 
histological findings is necessary in these 
cases. Among the other 10, the histological 
picture was so varied, and the many factors 
interfering with regeneration so striking, that 
a précis of the findings in each case is war- 
ranted. 

Of the 3 nerves which were re-explored but 
not resutured one ulnar nerve required a true 
neurolysis, since the anterior transposition at 
the time of the primary suture had been un- 
satisfactory: a combined median and ulnar 
lesion which was re-explored showed a large, 
firm neuroma on each nerve, an indication of 
unsatisfactory reunion. 


a. Histological reports. 

CASE 22. C.117. April 11, 1944, patient suffered 
laceration of left wrist with division of ulnar nerve. 
Primary suture of ulnar nerve and tendon of flexor 
carpi ulnaris was carried out. August 8, 1944, pa- 
tient was admitted to the Wingfield-Morris Hos- 
pital. No recovery. August 9, 1944 operation was 
performed under local anesthesia. A very dense scar 
extended from the skin to the site of nerve suture. 
There was a fusiform neuroma measuring 1.5 by 
1.0 by 1.0 centimeter: consistency very hard. There 
was no Sensory response on stimulating the nerve 
below the lesion. Resection and resuture were per- 
formed. 

Histology: At the site of suture there is a neuroma 
of roughly spherical form. The nearest proximal and 
distal bundles are 6 millimeters apart: some reunion 
of the stumps has taken place, and the distal bundles 
contain numerous small regenerating fibers. But 
the union tissue between the stumps contains a 
great excess of scar tissue, so that the groups of re- 
generating axons with their accompanying Schwann 
cells are widely separated in this region, and many 
have been prevented from reaching the distal stump. 
Some of the scar tissue at the suture line has been 
developed around a mass of suture material, which 
lies between the stumps. The nerve fibers in the 
distal bundles are less numerous than they would 
be after a successful suture, and are so small that 
few of them have stainable myelin sheaths. 

Conclusion: A poor reunion, with excessive fibrosis 
between the stumps. 
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Fig. 7. Histogram showing effect of electrotherapy on recovery after pri- 
mary suture of ulnar and radial nerves. 


CasE 23. G.42. January 19, 1943, patient suf- 
fered a laceration of left wrist causing ulnar paral- 
ysis. Operation was performed within 1 hour. The 
ulnar nerve and several tendons were sutured. The 
wrist was fixed in palmar flexion for 3 weeks. May 
22, 1943, patient was admitted to the Wingfield- 
Morris Hospital. No recovery. May 26, 1943, 
operation was performed under general anesthesia. 
There was a fusiform neuroma on the ulnar nerve, 
surrounded by dense scar tissue. Measurements 
were 2.5 by 1.0 by 0.8 centimeter. It was of firm 
consistency. Stimulation produced no motor re- 
sponse. Resection and resuture were performed. 

Histology: The specimen was examined in trans- 
verse section at five levels. A good reunion has 
taken place, for intact proximal and distal bundles 
are separated by less than 4 millimeters and the gap 
between them is full of Schwann tissue all directed 
along the long axis of the nerve, with a very small 
proportion of scar tissue (contrast Case 22). But 
there is gross abnormality of the endoneurium of the 
nerve bundles in the distal trunk, for over a length of 
about 10 millimeters immediately below the suture 
line the endoneurial connective tissue is formed of a 
dense network of thick collagenous fibers (Figs. 8 
and g). This fibrosis is of varying severity, but at 
almost all points in the nerve it is greatly excessive 
as compared with the condition found after 4 months 
of uncomplicated Wallerian degeneration. This is 
clearly shown by the transverse section at the ex- 
treme distal end of the specimen, where the nerve 
shows the normal structure of a 4 months’ degener- 
ate stump. The contrast between the two levels is 
well shown even at a low power of magnification 
(c.f. Figs. rob and 1oc). No myelinated nerve 
fibers are visible 5 millimeters below. the suture line. 

Conclusion: A good reunion at the site of primary 
suture, but with severe endoneurial collagenization 
in the distal trunk immediately below the suture 
line. This abnormality would certainly have pro- 
vided a permanent bar to the regeneration of normal 
fibres. 

CasE 24. J.41. January 5, 1944, patient received 
a laceration of the left wrist causing ulnar paralysis. 
Primary suture of ulnar nerve occurred within a few 
hours. The wrist was held in a flexed position by 
plaster. March 28, 1944, patient was admitted to 


the Wingfield-Morris Hospital. There was com- 
plete ulnar paralysis below the dorsal cutaneous 
nerve. Electromyogram of hypothenar muscles 
gave no evidence of reinnervation. April 19, 1944, 
operation was performed under local anesthesia. 
The wound scar was continuous with that of the 
divided tendon of the flexor carpi ulnaris and with 
the scar immediately around the nerve. The 
neuroma measured 1.5 by 0.8 by o.5 centimeter, the 
proximal portion was firm and the distal portion 
hard. Thick suture material could be seen emerging 
from the posterior aspect of the neuroma. Resection 
and resuture were performed. 

Histology: The longitudinal section through the 
suture line (Fig. 11) shows that the stumps are not 
far separated, but that the path of regeneration is 
completely obstructed by numerous masses of 
suture material surrounded by granulation tissue 
and mature collagen. 

Conclusion: Reunion was prevented by fibrosis at 
the suture line, much of it due to the presence of 
suture material between the stumps. 

CasE 26. D.43. December 29, 1943, patient 
received a laceration of the left wrist by glass. 
Tourniquet was applied and removed at the hos- 
pital 35 minutes later. Immediate operation was 
performed and the flexor carpi ulnaris and ulnar 
nerve were found to be divided. Both were sutured 
with the wrist flexed and the position was main- 
tained by plaster for 3 weeks. February 28, 1944, 
patient was admitted to the Wingfield-Morris 
Hospital. Examination revealed possibly a flicker 
of activity in the hypothenar muscles. The latter 
and the first dorsal interosseous responded to farad- 
ism at a high threshold. Nerve stimulation pro- 
duced no response. There was complete sweating 
and sensory loss in the ulnar area. March 1, 1944, 
operation was performed under local anesthesia. 
A band of scar extended down from the skin across 
the nerve just distal to a small neuroma. The latter 
measured 1.0 by 0.8 by 0.5 centimeter and was 
irregularly firm but not hard. Stimulation below the 
lesion gave no motor or sensory response. Re- 
section and resuture were performed. 

Histology: The proximal and distal trunks lie 
close together, but they are not opposed to each 
other (Fig. 12). Thus the outgrowths from the 
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File _ Joint a Immobilization 
| ~ Sea 
6 Elbow Flexed Several weeks 
C.30 
40 Wrist Flexed 8 weeks 
J.52 
41 Wrist Full 8 weeks 
M.49 
49 Elbow Flexed 110° 8 weeks 
D.40 
51 Elbow Flexed None 
F.14 
52 Knee Flexed 60° 3% weeks 
W.71 3% weeks turn- 
buckle 














proximal and distal bundles have largely failed to 
unite. A few fine axons only are to be found in the 
nerve below the suture line. 

Conclusion: Poor reunion as a result of inaccurate 
apposition of the stumps or rotation after suture. 

CASE 25. R.60 (age 62 years). May 22, 1944, 
patient suffered laceration ‘of the right forearm 
dividing median and ulnar nerves. Primary suture 
of nerves was done within 3 hours. September 8, 
1944, patient was admitted to the Wingfield-Morris 
Hospital. No recovery. Although recovery was not 
unduly delayed it was decided to explore the lesions. 
September 9, 1944, operation was performed under 
local anesthesia. The ulnar nerve was found em- 
bedded in dense scar and adherent to tendons. The 
neuroma measured 4.0 by 1.2 by 0.3 centimeter and 
its consistency was hard. Trial section of the site of 
suture revealed dense scar. Resection and resuture 
performed. 

Histology: The proximal and distal bundles at the 
site of suture are separated by a gap of about 7 
millimeters and this is filled with dense scar tissue. 
Very little Schwann tissue unites the two stumps, so 
that the distal nerve is poorly reinnervated, and 
contains only a few very fine axons. 

Conclusion: Very poor reunion: the stumps are 
separated by a gap filled with scar tissue. 

CasE 42. C.63. January 3, 1944, patient suffered 
a laceration of the right wrist. Operation was per- 
formed within 3 hours. The median nerve and 
several tendons were severed. The tendons were 
repaired and the ends of the median nerve trimmed 
and sutured with the wrist flexed. The wrist was 
immobilized in plaster for 4 weeks. March 30, 1944, 
patient was admitted to the Wingfield-Morris 
Hospital. No recovery. March 31, 1944, operation 
was performed under general anesthesia. There was 
a hard neuroma measuring 2.0 by 1.0 by 0.8 centi- 
meter. Stimulation of the nerve above the lesion 
produced no response in the thenar muscles. Re- 
section and resuture performed. 

Histology: The specimen consists of a fusiform 
neuroma with considerable epineurial scar which 
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increases as the site of suture is approached. Suture 
material is visible near the proximal and distal ends 
of the resected segment—an indication that some 
separation had probably occurred. The columns 
of Schwann cells at the suture line and the distal 
bundles are widely separated by scar tissue: in 
addition there is a dense collagenization of the endo- 
neurium of the distal trunk over a length of a few 
millimeters below the suture line (see Case 23, 
Fig. 8). No myelinated fibers are present in the 
distal nerve bundles. 

Conclusion: A-poor union with separation and 
fibrosis and with abnormality of the endoneurium 
immediately distal to the suture line. 

CasE 43. G.46. September, 1943, patient re- 
ceived a laceration of the right wrist. At operation 
1% hours later, the radial artery and superficial 
radial nerve, several tendons and the median nerve 
were found to be divided. The tendons were re- 
paired and the median nerve was sutured with very 
fine silk. September 14, 1943, patient was admitted 
to the Wingfield-Morris Hospital. October 13, 1943, 
operation was performed under. local anesthesia. A 
hard fusiform neuroma on the median nerve mea- 
sured 1.4 by 1.0 by o.5 centimeter. Stimulation 
below the lesion produced no sensory response and 
the lesion was resected and resutured. 

Histology: The distance between the proximal and 
distal bundles is small, about 2 millimeters. The out- 
growth from the proximal bundles can be seen 
spreading out fanwise into a bed of granulation 
tissue, in which the collagenous elements are dis- 
oriented and become denser as the distal bundles are 
approached. The outgrowth from the two stumps is 
not toward each other but to opposite sides of the 
specimen (cf. Case 26), an indication of poor ap- 
position at the time of primary suture. There are 
numerous foreign body giant cells well toward the 
center of the lesion, and clearly associated with 
suture material. No axons are visible in the distal 
bundles, which they would undoubtedly have 
reached after 4 weeks had the suture been successful. 

Conclusion: A poor union as a result of faulty 
apposition. 

CasE 44. R.60. May 22, 1944, patient received a 
laceration of the right forearm with division of 
median and ulnar nerves. Primary suture of nerves 
was done within 3 hours. September 8, 1944, pa- 
tient was admitted to the Wingfield-Morris Hos- 
pital. No recovery. September 9, 1944, operation 
was performed under local anesthesia. The median 
nerve was surrounded by dense scar: the neuroma 
measured 2.7 by 0.6 by 1.0 centimeter and was hard. 
Trial section revealed only one good bundle. Re- 
section and resuture were performed. 

Histology: The gap separating the proximal and 
distal bundles is small, but the intermediate zone 
consists largely of dense masses of collagen with 
some aggregations of inflammatory cells. Through 
this scar tissue there has been only slight reunion of 
the stumps, and the distal trunk contains no mye- 
linated fibers: some of the bundles contain many 
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Fig. 8. Case 23. Detail of the endoneurium in a nerve 
bundle about 8 millimeters distal to the suture line. Most 
of the Schwann tubes are very small in diameter, and are 
surrounded by dense blocks of collagen. Masson, X645. 


axons, but others few or none. The endoneurium of 
the distal bundles shows an excess of collagen im- 
mediately below the suture line. 

Conclusion: A poor reunion with grossly excessive 
scarring between the stumps. 

CASE 39. S.55. June 20, 1942, patient suffered a 
laceration of the right forearm. Operation was done 
within a few hours. The median nerve was found 
divided in the middle third of the forearm. It was 
sutured with fine silk after trimming. Plaster was 
applied with the elbow flexed 90 degrees and wrist 
flexed 45 degrees, and maintained for 2 months. 
\ugust 25, 1942, patient was admitted to the 
Wingfield- Morris Hospital. Complete median para- 
lysis below branches to long flexors. Daily physio- 
therapy started including galvanism to the thenar 
muscles. July 3, 1943, the only signs of recovery 
were a flicker in abductor pollicis brevis and a slight 
decrease in the area of analgesia. Operation was 
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Fig. 9. Case 23. Detail of the endoneurium in a bundle 
about 6 millimeters distal to the suture line. Similar to 
Figure 7, but the endoneurial collagen is even more dense, 
and the Schwann tubes hardly distinguishable. Masson, 
X 670. 


performed and a neuroma measuring 2.5 by 1.5 by 
1.0 centimeter, its proximal part soft but the distal 
portion very firm, was found. Stimulation produced 
a motor and sensory response, but in view of the 
consistency of the lesion it was decided to resect and 
resuture. 

Histology: The lesion consists of a fusiform swell- 
ing composed largely of nervous tissue. The prox- 
imal and distal bundles are connected by tissue 
consisting of abundantly reinnervated Schwann 
tubes (Fig. 13) with only slight excess of connective 
tissue. The distal bundles are uniformly innervated 
by small myelinated fibers (Fig. 15), except for half 
of one bundle in which myelinated fibers are de- 
ficient. Mvyelinated fibers are as numerous at the 





Fig. 10. Case 23. Low power views of transverse sec- 
tions of the nerve. a, immediately proximal to the suture 
line; b, 10 millimeters distal to the suture line; c, at the 
extreme distal end of the specimen, about 15 millimeters 


distal to the suture line. a and c show normal proximal and 
distal nervous tissue respectively, but in b the excessive 
endoneurial collagenization is manifested in most of the 
bundles by their deep staining. Masson, X 13. 
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Fig. 11. Case 24. The specimen in longitudinal section, 
showing the site of suture. P, Proximal nerve bundles; 
D, distal nerve bundles; S, remains of suture material and 


associated scar—many similar masses can be seen as well 
as those indicated by pointers. X 3.7. 


distal level as at the proximal level above the suture 
line, though they have not yet returned to a normal 
diameter (c.f. Figs. 14 and 15). 

Conclusion: Apparently a good reunion. The 
histological report cast considerable doubt on the 
wisdom of resection and resuture in this case, and it 
seemed reasonable to accept the specimen as showing 
good union and good reinnervation. However, one 
year after secondary suture the patient had re- 
gained strong action in abductor pollicis brevis and 
there was touch and pain sensibility to the tips of 
the digits, with no over-reaction to pin prick. Thus 
a later secondary suture had proved superior to a 
primary suture in which histological examination 
showed an apparently successful union. 

Case 51. R.31. March 19, 1943, patient re- 
ceived a gunshot wound ot the lett arm; soft tissue 
wound. Radial palsy. Operation was performed 5 
hours later: excision of wound, nerve almost com- 
pletely severed. Small piece of bruised nerve was 
excised from distal end. Nerve sutured with silk. 
The wound closed with gauze drain. April 7, 1943, 





Fig. 12. Case 26. The specimen in longitudinal section, 
showing the site of suture. P, Proximal nerve bundles; 
P.o, area of regenerative outgrowth from the proximal 
bundles; D, distal nerve bundles; D.o, area of Schwannian 
and mesodermal outgrowth from the distal bundles. X to. 


patient was admitted to the Wingfield-Morris Hos- 
pital. May 25, 1943, operation was performed under 
general anesthesia. A neuroma 1.5 centimeters long, 
firm consistency, was found. The distal trunk felt 
firm for 4 centimeters distal to the neuroma. Re- 
section of neuroma and 4.0 centimeters of the distal 
trunk were done, leaving gap of 7.0 centimeters. 
Suture was performed. 

Histology: The longitudinal section of the speci- 
men showed that the stumps were well apposed, and 
reasonably close together. In the intervening area, 
however, there has been a considerable irregular 
proliferation of fibroblasts, with a deposition of 
young collagen; this has caused a lateral diversion of 
some of the outgrowth of nervous tissue from both 
stumps with some neuroma formation (Fig. 16). 
Yet many regenerating fibers have reached the distal 
bundles, and have acquired myelin sheaths. In the 
nerve distal to the suture line the reinnervated 
Schwann tubes are widely separated from each 
other, giving the appearance of gross edema. The 
significance of this change is uncertain, but if such 
endoneurial edema is followed by fibroblast pro- 
liferation in the spaces it is an abnormality which 
would have had an adverse effect on recovery. 

Conclusion: A fairly good junction, but with some 
failure of union of the stumps and gross edema in 
the distal endoneurium. 


b. Summary of histological findings. There 
were 5 chief histological abnormalities in these 
specimens; sometimes more than one ab- 
normality was evident in a single specimen. 

1. Faulty apposition: the proximal and 
distal bundles were directed toward different 
sides of the nerve. 

2. The presence of suture material between 
the sutured stumps. 





Fig. 13. Case 39. The specimen in longitudinal section, 
showing the site of suture. P, Proximal bundles; D, distal 
bundles; S, a few fragments of suture material. Nervous 
tissue, in the form of small bundles with only a few neuro- 
watous areas, is continuous past the suture line. X 3.5. 
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Fig. 14. Case 39. Part of a nerve bundle in a transverse 
section at the proximal end of the specimen, showing the 
condition of the nerve fibers above the suture line. Myelin 

sheath stain. X 560. 





3. Scar between the nerve ends. The 
amount of scar tissue between the sutured 
stumps was variable but in several cases 
greatly excessive and clearly hindering re- 
generation. 

4. Excessive endoneurial fibrosis was fre- 
quently noticed, particularly in the distal 
stump immediately below the suture line. In 
some cases it was so excessive that satis- 
factory regeneration would have been im- 
possible. 

5. Separation of the sutured stumps. 

The first two faults are due to poor tech- 
nique in which the suturing has been inac- 
curate. The third and fourth are probably 
due to inadequate excision of the damaged 
nerve ends. This can hardly be classed as 
faulty technique, since the fibrosis between 
and within the bundles would not be present 
at the time of the primary operation, and we 
do not yet know how to recognize macro- 
scopically the changes that will lead to 
excessive collagen formation within the nerve 
stumps. It is also possible that excessive 
postoperative tension on the nerve could be 
held responsible. 

The separation of the sutured stumps may 
be due to unduly rapid extension of the joint 
which was flexed to approximate the nerve 
ends, or else due to excessive tension at the 
time of operation, or possibly sepsis. But of 
the 6 cases in which separation occurred, 
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Fig. 15. Case 39. Part of a nerve bundle in transverse 
section at the distal end of the specimen, showing the condi- 
tion of the nerve fibers below the suture line. Myelin 
sheath stain. X 560. 









there was only 1 in which the extension of the 
joint had been unduly rapid (Table XI). 
Sepsis was present in only 2 cases and undue 
tension at operation must be considered to be 
the cause of separation in the other sutures. 
DISCUSSION 

The first conclusion arising out of these 
records is that, contrary to the widely ac- 
cepted view, the best results of primary nerve 
suture do not approach nearer to perfection 
than the best results of early secondary 
suture. Indeed, considering only those cases 
in which there has been adequate time for 
recovery, the proportion of good results is 
higher in the early secondary sutures in this 
series. The scales are weighted still more 
against the primary sutures if we take into 
account those in which re-exploration and 





Fig. 16. Case 51. The specimen in longitudinal section, 
showing the site of suture. P, Proximal nerve bundle; 
D, distal nerve bundles. X 4. 
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Weeks before admission 
Fig. 17. Histogram showing delay before admission to nerve injury center after primary nerve suture. 

resuture were necessary. What is the ex- those surgeons who are normally faced with 


planation for the failure of so many primary 
sutures to reach the expected high standard? 

It has been all too readily assumed in the 
past that, if infection can be avoided after 
primary nerve suture, the result should be 
good. Although in a few of the cases re- 
corded above sepsis may have been an ad- 
verse factor, there are many in which the 
wound healed without sepsis and yet the 
recovery Was poor. 

We have no evidence that the results in 
this group of primary sutures have been un- 
favorably influenced by lack of physical 
therapy. Indeed, an unduly favorable effect 
has probably resulted from the inclusion of 
two children in the series. We must, there- 
fore, assume that the quality of surgical 
repair which is possible at the time of the 
primary operation is a factor of considerable 
importance. The standard of surgery de- 
pends on the experience of the surgeon, the 
facilities available for good surgery, and the 
condition of the injured tissues. 

It might be suggested that it is unfair to 
compare primary sutures performed by sur- 
geons of all types with secondary sutures 
performed at a nerve injury center by men 
experienced in nerve repair. However, many 
of the primary sutures which have failed were 
performed by experienced surgeons. More- 
over, after one of the primary sutures under- 
taken at this nerve center, a case in which 
there were no complicating factors, the 
results were not good. Furthermore, primary 
wound treatment in peace or war is not 
usually performed by senior surgeons, and we 
think it likely that we have in this series a 
fairly representative selection of the work of 


the problem of primary nerve suture. It must 
be noted that we have excluded from this 
series three examples of gross error at the 
time of primary nerve suture, when a nerve 
was sutured to a divided tendon. 

Nearly all the primary sutures were under- 
taken at hospitals in this country in which the 
facilities for such emergency work are ade- 
quate. 

In our opinion the chief adverse factor in 
primary suture is the difficulty in recognizing 
how much of the nerve has been damaged on 
each side of the site of division, with the 
result that resection is often inadequate. On 
the other hand, if the resection is satisfactory 
there is the risk of excessive tension at the site 
of suture, since extensive mobilization of the 
nerve is never performed in a fresh wound. 
After 3 or 4 weeks the intraneural connective 
tissue changes are sufficiently obvious to 
indicate the amount of nerve to be resected, 
and there is the additional benefit of thickened 
nerve sheath which facilitates suture and 
makes the suture line more stable; the epi- 
neural stitches are less likely to pull through 
such a sheath than they would through that 
of a freshly divided nerve. 

One further objection to the selection of 
cases in this series might be that only those 
primary sutures which were not progressing 
favorably would be sent to a nerve injury 
center: many good results would thereby be 
missed. There are two answers to this ob- 
jection: first, by arrangement with the medi- 
cal departments of the three services, all 
cases of peripheral nerve injury are referred to 
appropriate centers. Second, it is seldom 
possible to be sure within 6 months of the 
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date of suture, whether the final result is 
likely to be good or not. We have ourselves 
found this difficulty even after sutures at the 
level of the wrist. Thirty-six out of the total 
of 49 patients were referred to us earlier than 
6 months after injury (Fig. 17) and it cannot, 
therefore, be accepted that we have had an 
undue proportion of those in whom the result 
was known to be poor. 
CONCLUSION 

The results set out in this paper raise im- 
portant questions of policy in the primary 
treatment of divided nerves. In the usual 
civil or industrial laceration where one can 
expect wound healing within a few weeks, 
primary suture may give a good result, but 
one can be more certain of a high grade of 
recovery after an early secondary suture. 
However, there is nothing to be lost and, 
indeed, a great deal to be gained by approxi- 
mating the ends of the divided nerve to pre- 
vent retraction. When secondary suture is 
performed in a few weeks the length of nerve 
to be resected will probably be short; the 
suture can be performed with precision and 
without tension and the prospects of recovery 
will be good. If deliberate primary suture has 
been performed the patient should be watched 
carefully for early signs of recovery and, if 
they are lacking or progress appears to be 
unduly slow, re-exploration should be under- 
taken without delay and further resection and 
resuture considered. 

In war wounds, the local damage to the 
nerve ends is likely to be more extensive, and 
the chances of performing an adequate 
excision of damaged nerve trunk and ac- 
curate epineural suture at the primary opera- 
tion are not so good. An early secondary 
suture is more reliable. Here again, primary 
approximation of the nerve ends is im- 
portant and, with adequate wound surgery 
and the latest adjuncts to prevent sepsis and 
encourage wound healing, the secondary 
operation should be possible within a few 
weeks or at most a few months. Although we 
have arbitrarily chosen a limit of 6 months for 
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early secondary sutures, we are convinced 
that, even within this period, the earlier the 
suture is undertaken the better. 

We can sum up our views as follows: 
Formal nerve suture should be undertaken at 
the earliest moment when it is possible to 
recognize the extent of damage to the nerve, 
excise the injured segment, and bring to- 
gether the mobilized nerve ends without the 
prospect of undue postoperative tension. 


SUMMARY 


1. The results of 55 primary nerve sutures 
are presented and compared with results of a 
series of early secondary sutures. 

2. There was a higher proportion of poor 
recoveries and a lower proportion of good 
recoveries after primary suture. 

3. Sepsis was not the chief adverse factor 
involved. 

4. The histological examination of the site of 
primary suture in 16 cases indicated that the 
chief faults were poor technique, inadequate 
resection of the damaged nerve ends, and 
excessive postoperative tension. 

5. There is a better prospect of a good re- 
covery after an early secondary suture than 
after primary suture. 

6. Primary approximation of the divided 
nerve stumps is always advisable. 
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A CLINICAL AND PATHOLOGIC STUDY OF THE 
IN PATIENTS WITH THERMAL BURNS 


W. E. GOODPASTOR, M.D., S. M. LEVENSON, M.D., H. J. TAGNON, M.D., 
C. C. LUND, M.D., F.A.C.S., F. H. L. TAYLOR, Ph.D., Boston, Massachusetts 


MPAIRMENT of kidney function as 
evidenced by persistent oliguria and 
elevation of the nonprotein nitrogen in 
the blood is a frequent early complication 

in the course of patients with severe thermal 
burns. (9,34). This syndrome is often ac- 
companied by albuminuria and urinary casts 
(34). A few descriptions of the morphology 
of the kidneys in patients dying with burns 
have been published (9,10,23,34), the most 
consistent findings being the following—on 
microscopic examination the glomeruli are 
usually normal while the tubules show vary- 
ing degrees of necrosis, affecting principally 
the convoluted part. Pigmented casts have 
also been observed in the tubules. These have 
been considered to be hemoglobin casts 
although direct proof of this is lacking. Some 
support to this conception of the nature of the 
casts is lent by the occurrence of hemoglobin, 
oxyhemoglobin, and methemoglobin in the 
blood and urine of severely burned patients 
(23). In none of these reports, however, has 
there been an attempt made to correlate the 
clinical and pathologic findings. Such a 
study, based on 47 patients with fatal thermal 
burns admitted to the Boston City Hospital 
during the period from November 1942, to 
July 1944, is presented here. Additional data 
on patients who were admitted and survived 
during the same period will be presented else- 
where. 


METHODS 


In the following study the area of burn was 
estimated by the method of Lund and Brow- 
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der. The depth of burn is described according 
to the new method of Converse and Robb- 
Smith. They classify burns by name instead 
of number, using the terms epidermal for 
so called first degree burns, dermal and deep 
dermal for second degree, and deep for third 
degree. The area of epidermal burn was dis- 
regarded. The extent of the deep burn cannot 
be determined with accuracy in patients who 
survive for only a few days. For this reason 
the extent of deep burn in such patients can 
only be estimated. Associated respiratory 
tract injury was graded from o to 4, depending 
upon the extent of injury to the respiratory 
tract found at autopsy. 

The local treatment of the burns varied. 
During 1942 triple dye and tannic acid-silver 
nitrate were most frequently used, while 
during 1943 and 1944 the most frequent me- 
thods were pressure dressings or casts, dry or 
with a bland ointment. Morphine was usually 
given two or three times in the first 36 hours, 
in doses of % grain for adults and correspond- 
ingly smaller doses for children. In a small 
number of patients phenobarbital or pento- 
barbital were used for sedation. Most patients 
with burns involving more than 10 per cent of 
the body surface received intravenous infu- 
sions of citrated plasma or serum. The plasma 
contained dextrose in amounts varying from 
10 to 17 grams for each unit of 250 cubic 
centimeters. Some contained merthiolate in a 
final concentration of 1:10,000 as a preserva- 
tive. Many patients received transfusions of 
type specific citrated whole blood. A small 
number of patients received intravenous 
injections of a 25 per cent solution of human 
albumin. This also contained an organic 
mercurial 1:10,000 as a preservative. Sodium 
lactate was given intravenously to some 
patients in the form of '/; molar aqueous 
solution and others were given sodium bi- 
carbonate by the oral and intravenous routes. 
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Fig. 1. 
dark lines converging toward papillae. These lines in fresh tissue are black and histo- 
logically prove to be tubules containing blood pigment casts. 


Intravenous glucose and isotonic salt solu- 
tions were also given to most of the patients. 

In the evaluation of kidney function the 
following signs were considered to constitute 
evidence of lasting impairment—persistent 
azotemia with a level of nonprotein nitrogen 
exceeding 40 milligrams per 100 cubic centi- 
meters of blood, and oliguria or anuria per- 
sisting beyond the period of shock. Periods of 
transient azotemia and oliguria occurring 
only during the period of shock, or terminally, 
or associated primarily with heart failure, 
were not considered evidence of lasting renal 
dysfunction due to the burn. The plasma non- 
protein nitrogen, total protein, and albumin 
determinations were carried out by the routine 
methods as given by Peters and Van Slyke. 
In patients receiving sulfonamides (chiefly 
sulfadiazine), the blood levels of the drug were 
determined at regular intervals. Hemoglobi- 
nemia was detected by examination of the 
supernatant plasma in the hematocrit tube. 
The icterus index was estimated by the 
method of Murphy. 

Hemoglobinuria was detected by the red or 
dark red appearance of the urine in the ab- 
sence of gross hematuria. In most cases the 
diagnosis was confirmed by a guaiac or 
benzidine test. In some cases the qualitative 


Case 18. Note pale swollen cortex and contrastingly dark medulla with 


reaction for detection of hemosiderin with 
ammonium sulfide was carried out. The 
urine was usually tested for acidity or alka- 
linity by litmus paper but occasionally more 
accurate estimation was made with nitrazine 
paper. 

Shock was recognized by the usual clinical 
criteria of fall in blood pressure, rapid thready 
pulse, clammy extremities. An attempt was 
made to grade the severity of shock according 
to intensity and duration. The following 
criteria and qualifications were used for 
grading: 0, patients who were never in shock; 
I, patients who were once in shock for a 
period not exceeding 1 hour; 2, patients who 
were in shock from 1 to 4 hours; 3, patients 
who were in shock for longer than 4 hours or 
were in shock on more than one occasion. 
This last group includes also all patients who 
died in shock. 

Morphologic examination of the kidney was 
done on sections fixed with Zenker’s fluid and 
formalin and stained with phloxine methylene 
blue, Lee-Brown modification of Mallory’s 
aniline blue stain, sudan IV for fat, and a 
modified van Giesen stain for hemoglobin 
described by Dunn and Thompson. With 
this last method hemoglobin casts in the kid- 
ney stain varying shades of green. In our 
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Fig. 2. 
casts. 

Fig. 3. Case 4. Three casts are shown of the blood pig- 
ment type. Note granular character of particles com- 
prising the bottom cast and the large elongated crystal-like 
particles in the more centrally located cast. A few desqua- 
mated epithelial cells are present in the upper cast. 


Case 4. Low power view of medulla showing 
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Convoluted tubules show extensive 
The débris 


Fig. 4. Case 4. 
degeneration and regenerating epithelium. 
within the tubules stains red, the regenerating epithelium 


blue (phloxine-methylene blue). The regenerating epi- 
thelial cells are flattened against the basement membrane 
and stain darkly. A mitotic figure is present in upper left 
quadrant of field. 


(Legends continued on following page.) 
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sections casts or portions of casts composed of 
desquamated tubule cell débris stained red. 
Benzidine methods of demonstrating hemo- 
globin were with few exceptions unsatis- 
factory, possibly because of long fixation in 
formalin. 

A number of patients who were burned in 
the Cocoanut Grove fire are included in this 
report. In some of these cases it was im- 
possible to secure all the desired data. How- 
ever, no patient in whom the essential clinical 
and laboratory data are lacking has been 
included. 

OBSERVATIONS 


Renal Morphological Changes 


Twenty of the 47 patients showed definite 
morphologic changes in the kidney at autopsy. 
In 2 cases the renal lesion was acute pyelone- 
phritis, entirely different from the lesions in 
the 18 other patients. In these latter pa- 
tients, the changes were all similar and con- 
sisted chiefly of the presence of tubular casts 
and degeneration and necrosis of the tubular 
epithelium (Figs. 1 to 7). 

1. Tubular casts. Tubular casts were found 
in all 18 cases and were made up of (1) pig- 
ment, and (2) desquamated epithelial cells. 
A maximum of 50 per low power field were 
found (Fig. 2). Casts composed largely or 
exclusively of pigment were most numerous. 
Casts composed entirely of epithelial cells 
were rare. Morphologically the pigment 
casts had a fine or moderately coarsely gran- 
ular structure (Fig. 3). Most often the 
granules were approximately the size of red 
blood cells, or smaller. Large, elongated, 
crystal-like green or blue cast particles were 





Fig. 5. Case 4. A large mitotic figure in a regenerating 
convoluted tubule is shown in the central part of the field. 
The tubule at the right of the field shows almost complete 
loss of epithelium with amorphous débris filling the lumen. 

Fig. 6. Case 18. Casts here are composed of desqua- 
mated cell débris and blood pigment granules. The cell 
débris components are the large, rounded, dark bodies (red 
in phloxine-methylene blue sections and in sections stained 
for hemoglobin). Blood pigment particles are smaller and 
less dark (brown, green or blue in phloxine-methylene blue 
sections and giving a positive stain for hemoglobin). Note 
also local damage to tubules containing the casts. 

Fig. 7. Case 9. Convoluted tubules showing degenera- 
tion and regeneration. In the center is a tubule with flat, 
recently regenerated epithelium. There is a mitotic figure 
at the extreme left of this tubule. 
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sometimes found. The color with phloxine 
methylene blue stain varied from red to 
orange, brown, green and blue. The blue 
color was most frequent although all the other 
colors usually could be seen in a single section. 
A positive staining reaction for hemoglobin in 
the casts was observed in all 17 cases in which 
this procedure was carried out. These casts 
were observed exclusively in the ascending and 
descending portions of the loops of Henle and 
in the collecting tubules. The greatest 
number was found in the medulla (Fig. 2) 
although some could also be seen in the cortex. 
Identification of the tubule involved was 
impossible in some instances because of the 
presence of degenerated epithelium adjacent 
to a cast. The epithelial casts were made up 
of necrotic tubular epithelial cells, although 
pigment particles were usually present also 
(Fig. 6). These casts usually were acidophilic 
with phloxine methylene blue stain. When 
stained by the method of Dunn and Thomp- 
son for hemoglobin, the cell débris stained red 
and the particles of pigment, when present, 
green. The staining reaction and the very 
fine granularity of the cell débris were similar 
to that of the cytoplasm of easily identifiable 
intact degenerated epithelial cells. In an 
occasional cast infiltrating monocytes and 
polymorphonuclear leucocytes were seen. 
Fibrin deposits in tubules were small and rare. 

2. Degeneration and necrosis of renal tubules. 
This change was found in two sites, i.e., in 
convoluted tubules and about casts lying 
within distal portions of the tubules. The 
degeneration and necrosis in these two sites 
seem to be distinctly different. 

Necrosis and degeneration of convoluted 
tubules was found in 7 of the 18 patients. The 
cells were swollen, pale, and granular. In 
some instances the cytoplasm was vacuolated; 
in others the cells were partially or com- 
pletely disintegrated so that individual cells 
could not be defined and the lumens of the 
tubules were filled with disintegrated cells 
(Figs. 4,5,7). The nuclei were often pyknotic 
or absent. There was no correlation between 
the number of pigment casts and the extent of 
tubular necrosis. In each instance, the kid- 
neys described as having tubule necrosis or 
degeneration also showed indirect evidence of 
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the antemortem nature of the changes by the 
presence of one or more of the following—re- 
generating epithelium, mitotic figures indica- 
tive of tubular regeneration, and casts in the 
distal portion of the tubules composed of 
desquamated necrotic epithelial cells. 

Tubular necrosis adjacent to casts were 
seen in 12 cases. The necrosis was limited to 
the cells surrounding casts. The cells were not 
swollen, pale, or granular but were deeply 
eosinophilic. Nuclei were pyknotic or absent. 
In many instances the cells had become 
separated from the basement membrane and 
incorporated into the cast. About some casts 
no cells were seen and only the basement 
membrane of the tubules remained. 

3. Regeneration of epithelium. Regenerating 
epithelium was found in 7 cases. Its presence 
is indicative of repair of tubular necrosis. In 
some cases necrosis was demonstrable along 
with regeneration. In others, actual necrotic 
cells were no longer present. 

Regenerating epithelial cells in the presence 
of necrotic cells were flat and basophilic lying 
against the basement membrane. In contrast, 
the eosinophilic, pale, granular necrotic cells 
often overlaid the regenerating cells (Figs. 
4,5). Mitotic figures were usually not nu- 
merous (Figs. 4,5,7). Cellswith mitotic figures 
were usually large cells which protruded 
prominently into the lumen (Fig. 5). In 
tubules which were composed entirely of 
recently regenerated epithelium and from 
which the necrotic cells had disappeared, the 
lumen appeared large because of the flat lining 
epithelium (Fig. 7). Mitotic figures in these 
less actively regenerating tubules were fewer. 

4. Gross pathological changes. In contrast to 
the microscopic examination, gross examina- 
tion of the kidney revealed abnormalities in 
only 5 cases. In 3 cases the medulla had a 
dark red appearance and presented prominent 
black, brown, or purple-red streaks con- 
verging toward the papillae. The dark 
streaks in the pyramids correspond to the 
tubules filled with pigment casts. In 4 cases 
the cortex and the zone of the medulla in- 
cluded between the pyramids were definitely 
paler and more swollen than normal (Fig. 1.). 
This appearance was considered due to the 
tubular degeneration. In 2 cases, the kidney 


weights were significantly higher than normal 
whereas in all other cases the weight of the 
kidneys approximated the upper. limit of the 
normal value or was only slightly increased. 
In 2 cases unidentified orange crystals were 
seen. Small areas of hemorrhage were seen in 
the mucosa of the pelvis in 4 cases. In 1 case 
a similar area of hemorrhage was observed 
beneath the mucosa of the ureter. 

5. Classification of the patients according to 
the morphological changes. For the purpose of 
analysis, the 47 patients are divided into two 
groups on the basis of the autopsy findings. 
Group 1 comprises those in whom definite 
morphologic abnormalities were found in the 
kidneys, while Group 2 is made up of those in 
whom no definite anatomical changes were 
found in the kidneys. Group 1 is composed of 
20 patients and group 2 of 27 patients. Three 
patients in group 2 who died within 6 hours 
after injury are considered separately since 
they differed markedly from the others in 
extent of deep burn, severity of shock, clinical 
course, and early death. Two patients in 
group 1 are also considered apart since the 
morphologic abnormalities observed in their 
kidneys were probably not directly related to 
the burn. In both of these patients the renal 
lesion was that of acute pyelonephritis and 
was different from the renal lesions observed 
in the other 18 cases in group 1. 

In the following discussion, the patients in 
group 1 (with the exception of 2 patients) will 
be contrasted with the 24 patients in group 2 
who survived longer than 6 hours following 
injury. 


Renal Function 


A striking contrast between the two groups 
appears when the renal function is considered. 
The elevation of nonprotein nitrogen was 
higher in group 1 than in group 2. Two group 
1 cases had nonprotein nitrogen levels above 
150 milligrams per 100 cubic centimeters, and 
7 others had levels above 80. In group 2. only 
3 patients had levels as high as 80. The high 
elevation was more constant in group 1 than 
in group 2. Sixteen out of 17 of the former 
cases on which data are available had an 
elevated level commencing shortly after in- 
jury and persisting to death. Among the 





= a a ee ee. 


ef © Fe 1 SK ~ O! TF 


2°05 = 





rmal 
the 
the 
ised. 


were 
n in 
case 
rved 


ig to 
se of 
two 
ngs. 
nite 
the 
se in 
were 
d of 
hree 
ours 
ince 
s in 
ical 
; in 
the 
heir 
d to 
enal 
and 
-ved 


s in 
will 
Ip 2 
ving 


Ups 
red. 
was 
oup 
ove 
and 
nly 
Ligh 
han 
mer 
an 
in- 
the 


pres. 








GOODPASTOR ET AL.: 


group 2 cases, 15 of the 24 patients had an 
elevation at any time, and 3 of these elevations 
occurred late in the course. In most of the 
remaining group 2 patients the elevation de- 
creased to normal before death after an early 
elevation. 

Oliguria of a persistent nature was pres- 
ent in 7 of 11 patients of group 1 surviving 
longer than 2 days. All patients in this group 
who died within 48 hours also had oliguria. 
In contrast, oliguria was observed in 6 pa- 
tients of group 2 and in 5 of them it was 
limited to the period of shock. In the sixth 
patient the oliguria was associated with 
cardiac failure. 

Examination of the incomplete data on 
specific gravity of the urine does not show a 
clear correlation between the amount of re- 
tention of nonprotein nitrogen in the blood 
and the ability of the kidney to concentrate or 
dilute urine. 

A comparison of the amounts of nitrogen 
excreted in the urine by the patients of the 
two groups is difficult because determinations 
of daily urinary nitrogen were not carried out 
in all cases and because of the differences in 
time of survival after injury between the two 
groups of patients. However, the available 
data suggest that there was, on the average, 
a higher output of urinary nitrogen in patients 
of group 2 than in patients of group 1. This is 
rendered more significant by the fact de- 
scribed above that the blood nonprotein 
nitrogen level was more elevated in group 1 
than in group 2. Data on urinary nitrogen as 
compared to the blood levels of nonprotein 
nitrogen in 2 of our cases illustrate this point. 

Urine reaction. Eleven of 13 patients in 
group 1, on whom the initial reaction of the 
urine was tested, had acid urine. In the 2 
other cases, it was neutral. Two had alkaline 
urines subsequently in the first 24 hours. In 
group 2 the initial reaction of the urine was 
tested in 13 patients and found acid in all 
except 3. It was alkaline in 2 cases and neu- 
tral in the third. Subsequent samples of 
urine were acid in most cases. 

Other findings in the urine. Granular and 
hyaline casts were found in the urine of 9 
patients in group 1, and 4 in group 2. Protein 
was present in significant amounts in the 
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urine of 15 patients in group 1 and in 12 pa- 
tients in group 2. Significant numbers of red 
and white cells were found occasionally in the 
urine of 13 patients and repeatedly in the 
urine of 5 patients in group 1. Thirteen 
patients in group 2 had white and red blood 
cells in the urine on one or more occasions. 

Peripheral edema was observed in 8 cases 
in group 1 and in 4 cases in group 2. 


Age, Sex, Surface Treatment, and Fever 


There were no essential differences between 
the patients in both groups in regard to age, 
sex, and surface treatment. The ages varied 
from 1 year to 78 years. The sexes were 
equally divided. Dry gauze or petroleum 
jelly pressure dressings were the most fre- 
quent form of surface dressing. Four patients 
in each group were treated with triple dye. 
Four patients in group 1 and 2 in group 2 were 
treated by the application of tannic acid and 
silver nitrate. All patients had fever at some 
time during the course of their illness. There 
was no significant difference between the two 
groups as far as number of patients with fever 
and intensity of the pyrexia are concerned. 


Other Observations 


Hypoproteinemia. Eleven patients in group 
1 and 17 in group 2 had hypoproteinemia at 
some time during their hospital course. In 
almost all the fraction of the plasma protein 
most lowered was the albumin fraction. 

Surface area burned. In general the patients 
in group 1 had more extensive burns than did 
the patients in group 2. In group 1, 10 pa- 
tients had 50 per cent or more of the body 
surface burned while only 3 patients in group 
2 had burns of this extent. This marked 
contrast is also apparent when the extent of 
deep burn is compared in both groups. Thus, 
in 12 patients in group 1 the extent of deep 
burn was 35 per cent or greater of the body 
surface, while in only 4 patients of group 2 was 
the deep burn of this extent. One patient in 
group 1 had a conspicuously small burn. 

Respiratory damage. Many patients in each 
group suffered respiratory damage from in- 
halation of hot air and smoke. Very severe, 
grade 4, respiratory damage was sustained by 
4 patients in each group. 








658 SURGERY, GYNECOLOGY AND OBSTETRICS 


Hemoglobinemia and hemoglobinuria. He- 
moglobinemia was observed in all cases of 
group 1 in whom the determination was done, 
and lasted from 1 to 4 days after the burn. 
It was observed to a lesser degree in 14 pa- 
tients in group 2. Six patients in this group 
did not have hemoglobinemia. Twelve of the 
16 patients in group 1 on whom data are 
available had hemoglobinuria while only 1 
patient in group 2 had hemoglobinuria. He- 
moglobin casts were seen in the urine of 3 
patients in group 1 and in none in group 2. 

Hemoconcentration. During the first 24 hours 
hemoconcentration was observed in twelve 
patients in group 1, and in 16 in group 2. 

Shock. Sixteen patients in group 1 and 12 
patients in group 2 had clinical shock at some 
time during the first 36 hours. However, the 
severity and duration of shock was greater in 
group 1 than in group 2. Grade 3 shock was 
observed in 11 cases in group 1 and in only 3 
cases in group 2. It should be pointed out, 
however, that 2 patients in group 1 had no 
shock and 1 had mild shock. 

Plasma and serum. The quantity of plasma 
and serum given was, on the average, higher 
in patients of group 1 than in patients of 
group 2, the average in group 1 being 2.9 
liters; the average in group 2, 1.8 liters in the 
first 48 hours. Most of the plasma was given 
in the first 24 hours. 

Albumin in the form of a 25 per cent solu- 
tion was given during the first 48 hours to 5 
patients in group 1 and to 4 patients in group 
2. It was given later to 3 group 1 patients and 
to 1 group 2 patient. 

Mercury. The plasma serum and albumin 
used early in the study contained an organic 
mercurial preservative and some of the pa- 
tients received enough plasma in relation to 
their body weight in the first 24 hours to raise 
the question of mercury toxicity. However, 7 
patients in group 1 received fluids without 
mercury. 

Physiological saline in variable quantities 
was given parenterally to most patients in 
both groups. The average amount given 
during the first 48 hours was 1.9 liters in 
group 1 and 1.5 liters in group 2. 

Parenteral glucose solution, 5 or 10 per cent, 
was given to practically all patients in both 


groups. The average amount given in the 
first 48 hours was 1.9 liters in each group. 

Blood transfusions. Eight patients in group 
1 and 10 patients in group 2 received type 
specific blood transfusions during their course. 
There was no evidence of a hemolytic trans- 
fusion reaction in any patient. Furthermore, 
there were 10 patients in group 1 who did not 
receive blood. 

Drug therapy: Six patients in group 1 and 
18 in group 2 received sulfadrugs. This was 
sulfadiazine in most cases, 3 patients re- 
ceiving sulfathiazole. Drug levels in the blood 
were markedly elevated in 1 case and mod- 
erately elevated in 2 cases in group 1. 
They were moderately elevated in 4 cases in 
group 2. 

Sulfadrug crystals in the urine were found 
repeatedly in 1 case and on 1 occasion in one 
other case in group 1. They were found re- 
peatedly in 3 cases in group 2. In no instance 
was this accompanied by significant hema- 
turia. There were 7 patients in group 1 who 
received neither blood transfusions nor sul- 
fonamides, and there were 2 patients who 
received neither blood transfusions, sulfona- 
mides nor mercury. 

Sodium lactate or bicarbonate was given on 
entry to 12 patients of group 1, and to 14 
patients in group 2. 

Diuretics. Aminophylline, 50 per cent glu- 
cose solution, or both, were given intravenously 
to a number of patients in each group. The 
glucose solution was given in 4 cases and 
aminophylline in 21 cases, 12 in group 1 and 9 
in group 2. In most cases the aminophylline 
was given for bronchial spasm and not as a 
diuretic. There was no evidence that the 
hypertonic glucose solution or the aminophyl- 
line had any significant diuretic effect in these 
cases. Albumin was given for possible diu- 
retic action to 3 group 1 patients. In 1 of 
these it seemed to have a definite diuretic 
action (see Case 4 report) while in the 2 others 
no effect was observed (see Case 2 report). 

Complications and time of death. The most 
common complication encountered in the 2 
groups of patients were of a pulmonary nature. 
Pneumonia, bronchopneumonia, and pul- 
monary congestion occurred in about one-half 
of the patients in each group. Other compli- 
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cations were atelectasis of the lung in 2 cases; 
pyrogenic plasma reaction in 2 cases, the 
latter having received grossly contaminated 
plasma; acute hemorrhagic cystitis in 5 cases; 
cerebral edema in 3 cases; and central ne- 
crosis of the liver in 1 case. — 

On the whole, the patients in group 1 died 
earlier than did the patients in group 2. The 
cause of death was variable. In many cases 
the injury to the respiratory tract was the 
chief cause of death. In some, death was due 
to the complications noted above (chiefly 
pneumonia) but in some cases it was im- 
possible to state what the patient died of more 
specifically than extensive burns. Two pa- 
tients in group 1 died of shock due to burn. 
In only 2 cases could kidney failure be con- 
sidered the chief cause of death. 

Patients with acute pyelonephritis. As was 
stated before, 2 patients in group 1 are 
considered separately since, although the 
kidneys in these 2 patients were abnormal 
morphologically, the anatomical lesion was 
quite different from that observed in the 18 
other patients in group 1. The renal lesion in 
these 2 patients was that of acute pyelo- 
nephritis. Both were in shock and had hemo- 
globinemia on admission. Patient 16 in 
addition had hemoglobinuria. Patient 3 had 
been on constant bladder drainage from the 
time of admission to death. 

Patients in group 2 who died within 6 hours 
after burn. Three patients in group 2 are also 
considered separately since they differed so 
much clinically from the remaining patients 
in this group. All 3 had extensive deep burns 
and respiratory tract injury. They were all in 
profound shock and had marked hemoglobi- 
nemia. One was completely anuric while the 
2 others excreted a very small quantity of 
acid urine containing hemoglobin. The non- 
protein nitrogen level in the blood was ele- 
vated on admission in 1 patient and normal in 
2 patients. All 3 patients died within 6 hours 
after admission; 2 (Cases 21, 23) of shock; and 
1 (Case 22) of asphyxiation. None showed 
any renal changes at autopsy. 


CASE REPORTS 


CasE 20. Extensive deep burns, hemoglobinuria, 


shock, oliguria, azotemia and marked renal changes at 
» Ollg ’ 
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autopsy. This 9 year old boy with a noncontributory 
past history was admitted shortly after receiving 
deep flame burns of almost his entire body. Exam- 
ination revealed a well developed and well nourished 
boy in moderate distress. The total burned area was 
about go percent. Most of the areas appeared to be 
deep. The skin was hard, leathery, and brown with 
very little external ooze. Areas were clean. The 
chest was clear throughout. The pulse was 100, of 
good quality, blood pressure 110/70 and_ the 
respirations 20. 

Under morphine sedation, 1/12 grain, petrolatum 
pressure dressings were applied to all areas except 
the abdomen which was treated with triple dye. By 
the end of the dressing, the patient had received 200 
cubic centimeters of plasma containing 20 cubic centi- 
meters of molar lactate. He was definitely in shock 
at this time. The pulse was very rapid and thready; 
the feet, hands, and face (which were the only 
exposed areas) were cyanotic and cold. Plasma was 
forced in by syringe, 450 cubic centimeters being 
given in 10 mintues. There was immediate improve- 
ment in the circulation. He was catheterized at this 
time and a small amount of dark brown acid urine 
was obtained. He was left on constant bladder 
drainage. He was given sodium bicarbonate, one- 
half gram by mouth. During the next 12 hours the 
patient received about 2500 to 3000 cubic centi- 
meters more of plasma and 20 cubic centimeters of 
molar sodium lactate. He took only a small amount 
of water by mouth and vomited as soon as any fluid 
was taken. His pulse varied from 100 to 140. The 
blood pressure could not be taken because the ex- 
tremities were in dressings. The temperature rose 
to 104 degrees rectally at 14 hours and exposed areas 
were sponged with cold alcohol. He became stupor- 
ous, and the pulse was barely perceptible. Five 
hundred cubic centimeters of plasma and % gram of 
sodium bicarbonate was given rapidly in 10 minutes 
by syringe with definite improvement in the quality 
of the pulse. Shortly thereafter he began having 
generalized twitchings and clonic movements, each 
convulsive episode lasting about 5 minutes. Lu- 
minal in 2 grain doses was given intramuscularly. 
The temperature rose to 107 degrees and pulse to 150 
and was weak. He remained comatose and died 26 
hours after entry. He had received a total of 4800 
cubic centimeters of plasma intravenously. His 
total output was 90 cubic centimeters of very dark 
brown urine. 

Laboratory data. The hemoglobin, total protein 
and nonprotein nitrogen data are given in Chart 1. 
There was moderate hemoconcentration on entry 
which was corrected by the plasma infusions. The 
plasma protein concentration remained within 
normal range. The nonprotein nitrogen rose rapidly 
from a high normal value to over 100 milligrams. 
Hemoglobinemia was marked. Analysis of the first 
urine specimens revealed a dark brown acid urine, 
specific gravity 1.030, with no acetone, bile, or 
sugar. It continued to be dark brown or black. The 
amount of proteinuria increased progressively from 
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a slight trace to a very heavy trace. The sediment 
revealed granular casts and 7 to 10 red blood cells. 
The benzidine and hemosiderin stains were positive. 

Autopsy findings. Burns covered go per cent of 
the body surface and were chiefly deep. The lungs 
were congested and edematous with partial atelec- 
tasis of the lower lobes. The combined weight of the 
kidneys was 160 grams. The cut surface revealed a 
slightly redder than normal cortex and medulla with 
minute red streakings converging at the papillae. 
Microscopic examination revealed that the glomer- 
ular spaces contained dark blue granular precipitate. 
The same precipitate was found in most tubules. 
There was no modification of the basement mem- 
brane of the tufts and no cellular infiltration or 
endothelial or epithelial hyperplasia. The tubules 
contained numerous pigment casts. Fifty casts were 
counted in a single low power field (100X) in the 
medulla. The casts were found in the descending 
limbs of Henle’s loop and collecting tubules. Most 
of the casts were composed of red granules. Some, 
however, were brown; others blue. The particles 
ranged from fine granules to larger round masses. 
Most cast particules gave a positive stain (green) 
for hemoglobin. Mononuclear cells with eosino- 
philic cytoplasm and pyknotic nuclei were en- 
countered occasionally within the casts. The 
cytoplasm of these cells stained red with hemoglobin 
stain. The convoluted tubular changes were marked, 
and except for the absence of regenerating epi- 
thelium were identical with that seen in the kidneys 
of Case 12. There were areas where the nuclei were 


completely missing and the cells were granular and 
had filled the tubular lumen with amorphous masses 
of cytoplasm. There did not appear to be any 
interstitial edema. There was no leucocytic infiltra- 
tion. There was no congestion of interstitial vessels. 

Case 1. Minimal surface burn, marked respiratory 
tract injury, no shock, azotemia and renal changes at 
autopsy. This 43 year old woman received burns at 
the Cocoanut Grove fire. She had inhaled a con- 
siderable amount of hot smoke and had lost con- 
sciousness. The past history was not obtained. 
Examination revealed a fairly well developed and 
well nourished woman. She was unconscious. She 
had marked stridor, dyspnea, and cyanosis. The 
only external burn was a small area on her nose. The 
pulse was rapid. During the first 24 hours she 
received 1000 cubic centimeters of plasma, 1500 
cubic centimeters of saline, and 1000 cubic centi- 
meters of glucose in water. No data are available as 
to the urine output on the first day. On the second 
day 500 cubic centimeters of dark urine was passed 
and on the third day 300 cubic centimeters. At the 
end of 9 hours, because of increasing respiratory 
distress, a tracheotomy was performed. The 
respirations improved markedly for a brief period. 
On the third day, sulfadiazine was started. The 
respirations continued to be labored with coarse 
rales throughout both lung fields. The patient died 
on the fourth day following a sudden increase in 
respiratory distress. 

Laboratory data. On the second day the hemo- 
globin was go per cent and the nonprotein nitrogen 
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was 94 milligrams per roo cubic centimeters of 
plasma. The urine was dark in color with a slight 
trace of albumin and no sugar or acetone. There 
were 0-2 white blood cells and no casts. 

Autopsy findings. The following were noted: a 
burn, dermal, of nose: acute laryngo tracheobron- 
chitis (inhalation); congestion of the spleen and 
liver; bronchopneumonia; and edema of the lungs. 
The kidneys together weighed 310 grams. The pale, 
gray-pink cut surface of the cortex was clearly 
demarcated from the deeper stained red-blue pyra- 
mids. Microscopic revealed: glomerular capsular 
spaces contained a moderately heavy precipitate. 
The same precipitate was found also in all tubules. 
Otherwise, there was no glomerular change. The 
capillaries contained blood; no thrombi were present. 
There was no modification of the basement mem- 
brane. There was no endothelial or epithelial cell 
hyperplasia or inflammatory cell infiltration. The 
tubules contained casts and showed some damage to 
the tubular epithelium. The casts were found in the 
tubules of the medulla and less often in tubules of 
the cortex. The epithelium was so modified in the 
portions containing casts that it was not always 
possible to identify the type of tubule. Collecting 
tubules and ascending limbs of Henle’s loop were 
recognized in a few instances. The casts were for the 
most part composed of densely packed, fine, baso- 


philic granules. There was a brown to red color to 
some casts. Part of some casts were pale blue and 
homogenously smooth. An occasional cast was 
composed of larger bright red, globular particles. 
With hemoglobin stains there were many casts of 
green particles and others of red. Recognizable 
desquamated cells presented red cytoplasm and 
pyknotic nuclei. It should be mentioned that here, 
as in other cases, the nonpigment casts stained red 
and were cell débris in origin. Tubular necrosis was 
slight and seen most prominently in those portions 
containing casts. In places, only the basement 
membrane remained; elsewhere the epithelium was 
reduced te very flat ceils. The tubular cells sur- 
rounding casts were flattened, the cytoplasm deeply 
eosinophilic and the nuclei pyknotic; others had 
fallen away from the basement membrane, seeming 
to become part of the cast. The convoluted tubules 
gave the impression of being dilated, there being a 
considerably greater sized lumen than is usual. The 
cells were low and granular, and many cells con- 
tained no nuclei. Regenerating epithelium growing 
beneath degenerated cells was seen only rarely. A 
very rare mitotic figure was found. There was no cel- 
lular infiltration of interstitial tissue and no scars. 
Capsules, arterioles and pelves were not remarkable. 

CASE 9. Extensive deep burn, shock, hemoglo- 


binuria, azotemia, transient oliguria, impaired urinary 
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Chart 4. 


nitrogen excretion and renal changes at autopsy. A 29 
year old woman with a noncontributory past 
history received burns over 45 per cent of the body 
surface, chiefly deep, and respiratory tract injury at 
the Cocoanut Grove fire. Initial surface treatment 
was triple dye following soap and water cleansing. 
Pulse on entry was weak and rapid. In the first 24 
hours she received 11 units of plasma, 3 liters of 
saline, and 1% liters of glucose in water. She took 
800 cubic centimeters of water by mouth. Her 
circulation improved over a period of hours and 
there were no further episodes of peripheral collapse. 
The urine output was 200 cubic centimeters in the 
first day and thereafter over a liter daily. Sulfadia- 
zine was begun on the third day. The free drug level 
rose to 14 milligrams per roo cubic centimeters of 
blood and the total drug level to 18 milligrams per 


100 cubic centimeters of blood on the fifth day. 
Thereafter, the sulfadiazine was given intermit- 
tently with levels being obtained as given below 
under laboratory data. On the seventh day the 
temperature which had been 99 to 100 degrees rose, 
remaining at about 104 degrees thereafter. She 
became markedly dyspneic and there were diffuse 
musical and crepitant rales throughout the entire 
chest. Pulmonary signs and symptoms increased, 
and the patient expired on the twelfth day. 

Laboratory data (see Chart 2). The patient had 
moderate hemoconcentration on the first day. She 
developed a marked anemia by the fourth day, the 
hemoglobin remaining at about 55 per cent despite 
daily transfusions. The nonprotein nitrogen was 48 
milligrams per 100 cubic centimeters of plasma on 
the first day, 75 on the third day, at about which 
level it remained thereafter. Sulfadiazine level on 
the fourth and fifth days was about 14 milligrams 
per 100 cubic centimeters of blood “free,” and 18 
milligrams per 100 cubic centimeters of blood 
“total.”’ Thereafter, the drug levels ranged from 3 
to 5 milligrams “free” and 4 to 9 milligrams “total.” 
The plasma total protein concentration was 5.9 
grams per 100 cubic centimeters of plasma on the 
first day, with a normal albumin/globulin ratio. 
Thereafter the total protein ranged from 4.2 to 5.1, 
the normal albumin/globulin ratio continuing 
normal. The urine nitrogen excretion rose from 4 
grams daily during the first 3 days to 12 grams daily 
from the ninth to twelfth day. Urine: at the 16th 
hour, dark brown; hemoglobin 80 milligrams per 100 
cubic centimeters; PH 5.1; specific gravity, 1010; al- 
bumin slight, trace; hemoglobin casts; hemosiderin, 
2 plus. Thereafter, the specific gravity ranged from 
1013 to 1017, and the sediment showed an occasional 
red and white blood cell. 

Autopsy findings. The following were noted: 
burns covered 45 per cent of the body surface, 
chiefly deep; acute laryngotracheobronchitis (in- 
halation); bronchopneumonia. The kidneys to- 
gether weighed 310 grams. The cortex was pale and 
somewhat swollen. Microscopic showed: the glomer- 
uli were not remarkable save for vacuolated pink 
precipitates within the capsular space. The tubules 
contained casts of the two general varieties and 
presented evidence of tubular degeneration. The 
pigment casts were composed of granules varying 
from brown to red with an occasional smooth, blue, 
homogenous irregular mass. The other casts were 
composed of cellular débris which was eosinophilic 
and granular. Faint outlines of cells with nuclei 
were present in these casts. There were less casts of 
this type than there were pigment casts. Casts were 
not numerous. Usually a maximum of three casts 
per low power field (100) could be seen. Casts 
were found in the collecting tubules and loops of 
Henle. Desquamated degenerated cells were present 
within the lumen of the tubules, but regenerated 
epithelium was the predominant feature, indicating 
previous tubule damage. Identification of the 
tubules involved in this process was often impossible. 

















it . 


ire 


ing 


ily 








ae 











GOODPASTOR ET AL.: 


STUDY OF KIDNEY IN THERMAL BURN PATIENTS 663 


























Mg 
9gm 9gm gm 
26- ! L 
1004 
oO 
gs 
75 
iv) 
z 
= 
> 507 
: | | | | 
T — T T T T T T 
HOUR 2 24 36 48 60 72 84 96 108 
Chart s. 


It appeared that the convoluted tubules and pos- 
sibly ascending limbs of Henle’s loop were affected. 
The regenerated epithelium was not as high as was 
the older epithelium and took a distinctly more 
basophilic stain. Mitotic figures could be seen oc- 
casionally, indicating that the process was still 
active. The interstitial tissue was very edematous. 
Tubules were widely separated by pale loose stroma 
and between glomerular capsules and tubules there 
were widened clear areas. In a few areas newly 
formed fibroblastic tissue was present in the loose 
edematous stroma. In more or less discrete patches 
there was a moderate infiltration with plasma cells 
and a lesser number of lymphocytes. Only a rare 
polymorphonuclear leucocyte was found. No tu- 
bules were found containing polymorphonuclear 
leucocytes. It is not possible to say that the inter- 
stitial reaction bore any anatomical relationship to 
degenerated tubules or tubules with casts. Several 
large veins contained thrombi partially filling the 
lumen. These thrombi were composed of fibrin, 
enmeshed leucecytes, red blood cells, and a red 
granular substance of undetermined nature. In the 
largest veins, fibroblasts were invading the thrombi 
from points of attachment. The surrounding inter- 
stitial tissue contained plasma cells and newly 
formed fibroblasts. 

CasE 2. Extensive deep burns, shock, hemoglo- 
binuria, azotemia, oliguria, edema and marked venal 
changes at autopsy. No diuretic effect from 50 per cent 
glucose or 25 per cent albumin intravenously. This 40 
year old white female with a noncontributory past 
history received flame burns about 6 hours before 
entry as a result of an oil stove explosion. She felt 
fairly well at home and entered because of per- 
sistent pain. Examination revealed a fairly well 
developed and nourished woman with mixed dermal 
and deep burns-of 30 per cent of her body surface. 
The blood pressure was 70/40, the pulse rapid and 
thready. Morphine, 14 grain, was given subcutane- 
ously and plasma started intravenously, and within 


the next 2 hours 1000 cubic centimeters of plasma 
and 800 cubic centimeters of 5 per cent glucose in 
saline were given intravenously. Her blood pressure 
rose rapidly to 120/80 and her pulse fell to 94 and 
was of good quality. The burns were then washed 
and silver nitrate and tannic acid were applied. In 
the next 8 hours her blood pressure gradually fell and 
the pulse rose to 140 and was of poor quality. The 
patient was given 1200 cubic centimeters of plasma 
in 2 hours with a rise in blood pressure and a fall in 
the pulse resulting, and for the rest of the day her 
pulse remained about 100 and was of good quality. 
The blood pressure rose steadily, reaching a level of 
190/110 about 30 hours after entry but in the next 
8 hours it had dropped to 130/90. There were no 
further episodes of hypotension or hypertension. 
The output was 200 cubic centimeters in the first 
24 hours. Her hemoglobin fell from a level of 96 per 
cent on entry to 60 per cent in 48 hours. One thou- 
sand cubic centimeters of blood was given in the 
next 2 days but the hemoglobin remained about 60 
per cent. Small petechiae were evident over the 
abdomen at 36 hours. The platelet count at this 
time was 18,000. The petechiae gradually increased 
until the entire abdomen and chest were covered. 
In the next 36 hours generalized edema became 
evident. This edema increased during the next day 
and then gradually disappeared with no evident 
diuresis or evidence of fluid accumulation in either 
the thorax or abdomen. The patient had been given 
aminophyllin at 30 hours and again at 40 hours with 
no apparent diuresis being obtained. The urine 
output remained low throughout the course and the 
plasma nonprotein nitrogen rose from 30 milligrams 
per 100 cubic centimeters plasma on entry to 130 on 
the fourth day (see Chart 3). Concentrated albumin 
and 50 per cent glucose were given on the second day 
and third day without producing any diuresis.- From 
examination of Chart 4 it may be seen that 200 cubic 
centimeters of 25 per cent albumin intravenously 
produced a somewhat greater apparent increase in 
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Chart 6. 


blood volume, as judged by the serial hemoglobin 
determinations, than 200 cubic centimeters of 50 per 
cent glucose. In the former instance, the plasma 
protein concentration rose from 3.8 to 4.4, the rise 
being due to an increase in the albumin fraction, 
while in the latter case plasma protein fell from 4.2 
to 3.2. The temperature had risen to 102 degrees on 
the second day, at which level it remained. The 
pulse and respirations rose gradually, beginning on 
the fourth day and the patient became irrational and 
stuporous and expired on the fifth day. 

Autopsy findings. Burns involved 35 per cent of 
the body surface, chiefly deep. Petechial hemor- 
rhages of the skin, intestinal tract, myocardium, 
renal pelvis, and ureter were noted. Patient had 
rheumatic heart disease, inactive, minimal; bilateral 
hydrothorax, 750 cubic centimeters; pulmonary 
edema, peripheral edema (feet, legs, genitalia). The 
combined weight of the kidneys was 300 grams. On 
the cut surface and in the pelves were found many 
minute yellow crystals which could be scraped 
away easily. There were several small cysts (1 mm. 
in diameter) in each kidney. The pelves showed 
marked submucosal hemorrhage. Along the ureters 
there were many petechiae. Cortex and medulla 
were well demarcated. Microscopic examination 


revealed that the glomerular capsular space con- 
tained a small amount of fine pink granular precipi- 
tate. The tufts showed no modification of the 
basement membrane, no cellular proliferation of in- 
filtration, and the capillaries showed no congestion 
or thrombosis. The tubules contained moderate 
numbers of casts. These are most numerous in the 
medullary regions. A maximum of 20 per low power 
field were counted. The casts are composed of 
aggregates of red to blue fine granules mingled with 
which were small amorphous blue masses and a few 
desquamated cells (phloxine methylene blue). The 
majority of tubules containing casts could not be 
identified, but an occasional collecting tubule, 
ascending, and, rarely, descending limbs of loop of 
Henle, were identified as containing casts. Rarely, 
an intact tubule was found packed with cells. These 
cells often appeared to be macrophages containing 
yellow to red granules. In other instances, there 
were cells with the appearance of desquamated epi- 
thelium. In 2 instances, a few polymorphonuclears 
surrounded the casts. In Zenker fixed tissue stained 
for hemoglobin, the larger particles were olive green 
in contrast to the red stain taken by desquamated 
cell débris. Degenerative changes of tubular epi- 
thelium was not definitely found, except at the sites 
of casts. However, mitotic figures and regenerated 
epithelium and the finding of desquamated epithelial 
cells in casts was indicative of tubular damage. 
Many tubules of the medulla contained numerous 
large yellow particles. The interstitial tissue con- 
tains small foci of lymphocytes. Arterioles were not 
remarkable. 

CasE 4. Extensive burns, shock, azotemia, edema 
and renal changes at autopsy. Diuretic effect from 25 
per cent albumin intravenously. A 2 year old male 
infant with noncontributory past history entered the 
hospital 214 hours after receiving mixed dermal and 
deep hot water burns of 30 per cent of his body 
surface. Examination revealed a well developed and 
nourished apathetic infant. His color was ashen, 
extremities were cold and clammy. The blood 
pressure was unobtainable, pulse was rapid and 
thready, rate about 160, and the peripheral veins 
were collapsed Petrolatum pressure dressings were 
applied with no preliminary cleansing. On entry 
plasma was begun intravenously, 250 cubic centi- 
meters being given in 15 minutes, following which 
the patient’s color improved, the pulse became 
stronger, the rate dropped to 130 and he began 
moving about. The rate of plasma administration 
was slowed down and in the next 40 minutes 250 
cubic centimeters of plasma were given. The patient 
became pale, less active and the pulse was weaker. 
After the rate of administration of plasma was 
speeded up, the color and the quality of the pulse 
improved. During the next 5 hours he received 400 
cubic centimeters of plasma and 200 cubic centi- 
meters of water by mouth, the quality of his pulse 
and his color remaining good. About 1o hours after 
injury, there was a brief period of peripheral collapse 
which responded to an increased rate of plasma flow. 





Beary y+ mesaines 


ene FRSA renways 
































GOODPASTOR ET AL: 


Shortly thereafter the patient voided for the first 
time, 30 cubic centimeters of clear light yellow urine. 
He was given 200 cubic centimeters of 5 per cent 
glucose in water intravenously in the next 2 hours. 
Fifteen hours after the injury the patient had a 
generalized convulsion. The respirations became 
rapid and gasping. Cyanosis was marked, the pulse 
very rapid and weak. The temperature was 104 
degrees rectally. The patient quieted down in a few 
minutes but the pulse continued to be rapid and of 
poor quality. The neurological examination was 
negative. Plasma was begun and, after 150 cubic 
centimeters had run in, his color improved and the 
pulse became slow and stronger. During the next 2 
days the patient had a number of similar convulsive 
seizures despite fairly heavy sedation with sodium 
luminal. On the third day he had a much more pro- 
longed seizure which lasted about 114 hours. The 
pulse and respirations became very weak and rapid. 
Coramine and adrenalin were given intravenously 
with transitory improvement in pulse and respira- 
tions. Adrenalin was repeated twice more in the next 
half hour with the blood pressure rising to 110/80 
at which level it remained thereafter. During the 
first 48 hours the patient received 2250 cubic centi- 
meters of plasma, 250 cubic centimeters of 5 per cent 
glucose in water intravenously, 200 cubic centimeters 
of 5 per cent glucose in water by clysis, and 1500 
cubic centimeters of water by mouth. There was 
some abdominal distention at 15 hours and gastric 
lavage yielded 150 cubic centimeters of coffee ground 
material. In the next 30 hours there was an addi- 
tional 250 cubic centimeters of similar material 
vomited. The urine output was low during this 
time, the total being 175 cubic centimeters in seven 
25 cubic centimeter amounts in the period of 12 to 
38 hours. In the next 30 hours the patient received 
500 cubic centimeters of blood intravenously, 850 
cubic centimeters of water by mouth, 100 cubic 
centimeters of 5 per cent glucose in water and 250 
cubic centimeters of sodium chloride and sodium 
lactate solution. Aminophyllin and mercupurin were 
also given intravenously. There was 200 cubic 
centimeters of vomitus and two liquid guaiac nega- 
tive stools. The patient had started to become 
noticeably edematous 48 hours after entry and this 
increased definitely in the next 5 hours. There had 
been no urine output for the last 32 hours. At this 
time 35 cubic centimeters of 25 per cent salt-free 
albumin was given intravenously (Chart 5). In the 
next few hours there was a definite reduction of 
edema and some beginning bladder dullness which 
gradually increased. Nine hours later the patient 
was catheterized and 120 cubic centimeters of urine 
was obtained. At this time 35 cubic centimeters 
additional albumin was given. The following morn- 
ing 200 cubic centimeters of 5 per cent glucose in 
water was given by clysis and 150 cubic centimeters 
of water was taken by mouth. The edema increased 
again and following the administration of 35 cubic 
centimeters more albumin, there was some decrease 
in the ederra. Two hundred and fifty cubic centi- 
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meters of whole blood and 3% cubic centimeters of 
aminophyllin were given intravenously and 50 cubic 
centimeters more urine were obtained. During this 
period the patient was having loose tarry stools. On 
the fifth day he became comatose and the neck was 
somewhat stiff. Neurological examination was 
otherwise negative. Lumbar puncture revealed 
clear fluid, pressure 300. The patient remained 
comatose and about 4% days after entry the respira- 
tions gradually increased, the pulse became more 
rapid and weak, and the blood pressure was un- 
obtainable. The respirations became suddenly 
markedly labored and the respirations and pulse 
stopped in a period of a few minutes. His non- 
protein nitrogen which had been normal on the 
first day rose to a level of 100 milligrams per 100 
cubic centimeters of plasma shortly before death 
(Chart 6). 

Autopsy findings. The following were noted: 
burns, 35 per cent of the body surface, mixed dermal 
and deep: acute esophagitis (traumatic—inlying 
Levine tube) : pulmonary edema: pleural effusion and 
abdominal ascites (slight). The combined weight of 
the kidneys was 70 grams. The cut surface seemed 
swollen and appeared to bulge slightly. The pyra- 
mids were darker than usual. Microscopic exami- 
nation revealed: the glomerular capillaries con- 
gested, the capsular space small and contained pink 
granular precipitate. There was no modification of 
the basement membrane or Bowman’s capsule. The 
tubules contained numerous casts and showed 
extensive degeneration with marked regeneration of 
the epithelium. A maximum of 48 casts was counted 
in a single low power field (100X). The medullary 
region contained the greatest number of casts. The 
casts were of two main types, i.e. pigment casts and 
casts composed of desquamated tubule epithelial 
débris. The former were most commonly composed 
of moderately coarse granules of blue or dark green 
color. The individual granules often were of ovoid 
or round form. Less commonly, the particles as- 
sumed larger rod-like green forms. In some casts 
there were desquamated cellular elements. Pigment 
casts were found for the most part in collecting 
tubules or in the ascending portions of the loops of 
Henle. Most of the casts give a positive staining 
reaction for hemoglobin. The casts formed of 
desquamated necrotic cells were found in the cortex 
in convoluted tubules and in tubules that could not 
be identified because of extensive degeneration. 
These casts were composed of brilliantly eosino- 
philic, finely granular material. No nuclear ma- 
terial could be seen. In some instances there were no 
remaining viable epithelial cells,so that the cast was 
bounded only by the basement membrane of the 
tubules. In other instances, flat basophilic re- 
generating epithelium was seen underlying the 
eosinophilic masses. Mitotic figures were numerous 
in the regnerating cells. Regenerated cells com- 
pletely replaced degenerated cells in some instances. 
The tubules did not contain fat droplets of de- 
generation. There was no cellular infiltration or 
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fibrosis of the interstitial tissues and no scarring. 
Arterioles and renal pelves were not remarkable 


DISCUSSION 


Observations on renal function and renal 
changes at autopsy in 47 patients have been 
described. The patients were separated for 
purposes of analysis into two groups on the 
basis of the morphological abnormalities of 
the kidneys. Group 1 included 20 patients 
(Nos. 1-20) in whom the kidneys at autopsy 
were abnormal. Group 2 included 27 patients 
whose kidneys were normal morphologically. 
Two patients (Cases 3 and 16) in group 1 were 
considered separately because the renal lesion 
found at autopsy was an acute pyelonephritis, 
entirely different from the renal lesion ob- 
served in all other patients of this group. In 
addition, 3 patients in group 2 with extensive 
burns who died very early were considered 
separately. It is possible that in these cases 
there was not time enough for the appearance 
of morphological changes that might have 
been expected from the severity of burn in 
these patients. These 5 patients are excluded 
from the following discussion. 

The anatomical abnormalities described 
here in the kidney of 18 patients of group 1 
vary in degree of intensity from one patient to 
the other, but are homogeneous in the whole 
group. Pigmented casts, epithelial casts, 
tubular necrosis and tubular regeneration, in 
cases surviving more than 2 days. The pig- 
ment casts were probably derived from blood 
pigments. This is indicated by the fact that 
they were indistinguishable from similar 
casts found in the kidneys of patients with 
hemolytic transfusion reactions, and is further 
confirmed by the presence of a positive stain- 
ing reaction for hemoglobin in these casts. 
Furthermore, there was a close correlation 
between the presence of hemoglobinuria 
during life and the presence of pigment casts 
at autopsy. 

There was a close correlation between the 
clinical and laboratory findings of renal 
function and the pathologic observations on 
the kidneys. All patients in group 1 had 


evidence of persistent kidney dysfunction, 
while only 1 patient in group 2 presented such 
evidence and in this patient it was secondary 


to cardiac failure. In the few group 2 patients 
who had elevated levels of the blood non- 
protein nitrogen, the levels were on the whole 
much lower than in group 1 patients. In addi- 
tion, the two highest levels recorded in group 
2 (Cases 33,38) occurred late in contrast to the 
early high levels observed in group 1. There 
was also a contrast between the 2 groups of 
patients in respect to urine output. It is well 
known that during a period of shock, of what- 
ever cause, there is a marked decrease in the 
output of urine (18). However, in most 
patients in group 1 with oliguria, this out- 
lasted the period of shock and persisted until 
death while in all but one group 2 patient the 
oliguria was limited to the period of shock and 
in this patient the oliguria was associated with 
cardiac failure. In those patients of group 1, 
in whom the oliguria was transient, there was 
evidence of impaired ability to clear nonpro- 
tein nitrogen products in the face of a urine 
output of a liter or more daily. 

A number of factors can readily be-ruled out 
as responsible for the difference in renal 
changes in the two groups, since these factors 
occurred with equal frequency in both groups. 
These are (1) age, (2) sex, (3) surface treat- 
ment, (4) fever, (5) plasma protein concentra- 
tion, (6) fluid intake. The intake of fluids was 
somewhat higher on the average in group 1 
than in group 2. This is readily explained by 
the more extensive burns and higher fre- 
quency of shock in group 1. Since the shock in 
almost all the patients in group 1 was success- 
fully treated, it is probable that sufficient 
quantities of fluids were given so that their 
oliguria is not to be explained on the basis of 
insufficient fluid intake. The types and pro- 
portions of fluids given were the same in both 
groups. (7) Chemotherapy was not a de- 
termining factor since 12 patients in group 1 
did not receive sulfadrugs. In no instance was 
hemolysis seen as a complication of drug 
therapy. (8) The organic mercurial preserva- 
tive present in some of the plasma, serum and 
albumin was not responsible for the pro- 
duction of the renal syndrome, since equal 
numbers of patients in both groups received 
mercury-free fluids and mercury containing 
fluids. (9) Blood transfusion. The possibility 
that the renal lesion was produced by hemo- 
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lytic transfusion reactions can be ruled out 
since there were 8 patients in group 1 who did 
not receive blood at any time during their 
course, and, in the remainder, there was no 
evidence of a hemolytic reaction. 

The 2 groups of patients differed mainly in 
respect to the following factors: (10) extent of 
burn and especially extent of deep burn; (11) 
occurrence, severity and duration of shock, 
and, (12) presence of hemoglobinuria. 

Extent of burn. The chief complications of 
burns, such as toxemia, progressive anemia 
and nutritional disorders are directly related 
to the extent of burn and, particularly, the 
extent of deep burn. This holds true in regard 
to renal complications, since two-thirds of the 
patients with kidney dysfunction had deep 
burns of greater than 35 per cent body surface, 
while only one-sixth of the patients without 
kidney dysfunction had burns of this severity. 
One patient (Case 1) in group 1 had a very 
small surface burn, but had very extensive 
respiratory tract damage. There were 3 other 
patients in group 1 and 4 in group 2 who also 
had severe respiratory tract damage. The 
problem of respiratory tract injury as a 
complication of thermal burns has been dis- 
cussed elSewhere by Finland, Davidson, and 
Levenson. 

Shock. As would be expected from the fact 
that the patients in group 1 were the most 
severely burned, the occurrence of shock in 
this group of patients was more common, and 
more severe and prolonged than in the pa- 
tients in group 2. This difference is important 
since shock per se is known to have a profound 
effect on kidney function. The occurrence of 
oliguria during shock is well recognized and is 
presumably due to a markedly decreased 
blood flow through the kidney (18). The 
blood flow through the kidney may be re- 
duced to as low as 5 per cent of its normal 
value during shock at a time when the general 
blood flow is only reduced to 50 per cent (18). 
That the renal failure observed in shock as- 
sociated with burns may be different from 
that seen in other types of shock is suggested 
by the experiments of Olson and associates on 
dogs. They showed that in burn shock re- 
storation of the blood pressure by infusions of 
saline did not iricrease the output of urine, 


STUDY OF KIDNEY IN THERMAL BURN PATIENTS 


667 


while such infusions did increase the urinary 
output in hemorrhagic and tourniquet shock. 
The effect of shock on renal function is related 
to the severity and duration of the shock. 
Disturbances in renal function are more 
severe and more protracted when the shock is 
profound and lasting. -Irreversibility of the 
function and morphologic alterations of the 
kidneys following severe shock have been 
described by Van Slyke. He showed that 
severe reduction in the renal blood flow during 
circulatory failure for a period of hours follow- 
ing hemorrhage is often followed by markedly 
impaired kidney function and pathologic 
changes in the kidneys consisting chiefly in 
tubular necrosis and the presence of pigment 
casts in the tubules. 

Hemolysis. The third factor of apparent 
importance in the pathogenesis of the renal 
injury following burns is intravascular hemo- 
lysis, since renal injury has been observed in a 
number of other conditions in which intra- 
vascular hemolysis occurs (2,7,21,28,32). In- 
travascular hemolysis occurs in all severely 
burned patients and is apparently caused by a 
direct action of heat on the red cells of the 
blood circulating in the burned areas (23). 
Its occurrence and severity are directly re- 
lated to the extent of deep burn, and, as 
would be expected, hemoglobinemia was 
greater in the patients in group 1 than in 
group 2. Hemoglobinuria was seen in nearly 
all the group 1 patients and in only 1 pa- 
tient in group 2. 

Monke and Yuile in dogs and Altschule in 
men have demonstrated that hemoglobin is 
excreted in the urine only when the levels of 
free hemoglobin in the plasma reach values of 
about 150 milligrams per 100 cubic centi- 
meters of plasma. Below this concentration it 
is apparently completely reabsorbed from the 
glomerular filtrate by the renal tubules. In 
chronic hemoglobinemia in dogs, the threshold 
is lower, which has been explained by a sup- 
posed saturation of the tubules with pigment 
derived from red cells (32). When hemo- 
globinemia is associated with shock, the 
conditions for the appearance of hemoglobi- 
nuria may be different. Absence of hemo- 
globinuria in the presence of a marked 
hemoglobinemia in such cases could be due to 
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the decreased glomerular filtration caused by 
the vascular hypotension and the decreased 
renal blood flow. Furthermore, if anuria of 
whatever cause is present, as was the case in 
one of our patients, and as has been reported 
by DeGowin, it is obvious that no hemoglo- 
binuria can occur even in the presence of 
marked hemoglobinemia. 

If the renal damage is a direct “toxic” 
efiect of the products of intravascular he- 
molysis, it can be produced only if the pro- 
ducts of red cell hemolysis reach the kidney 
tubules. This seems likely since in these cases 
hemoglobinuria and not merely hemoglo- 
binemia is associated with renal lesions. On 
the other hand, it may be just a question of 
degree of hemoglobinemia, since hemoglo- 
binemia was more marked in the patients with 
hemoglobinuria than in those without hemo- 
globinuria. 

Renal injury, sometimes of a severe nature, 
is sometimes seen following hemolytic blood 
transfusion reactions. The renal syndrome of 
hemolytic transfusion reactions includes oli- 
guria or anuria, azotemia and often uremia. 
Morphologically, the kidney changes such as 
pigmented casts in the tubules and tubular 
necrosis are strikingly similar to those seen in 
patients with severe burns. Here also, as in 
the kidneys of burn patients, there is no 
apparent correlation between the number of 
casts and the extent of tubular necrosis (7). 
Other types of intravascular hemolysis have 
also been shown to affect the kidneys in a 
similar fashion. Renal failure has been de- 
scribed in cases of paroxysmal nocturnal 
hemoglobinuria (21), hemoglobinuria due to 
quinine poisoning (28), black water fever (31), 
acute hemolytic anemia due to sulfonamides 
(12), and hemoglobinuria of obscure origin 
(2). 

The mechanical obstruction which may be 
caused by the pigment casts in the tubules 
seems quantitatively inadequate to explain 
the renal failure. It is possible that the tu- 
bular necrosis may play a part although the 
extent of tubular necrosis again does not seem 
sufficient to account for the failure. The 
sections of the kidney provide no information 
on the function of the glomeruli which may be 
impaired although their structure appears 


normal. The identity of the substance or 
substances in hemolyzed blood which are 
responsible for the kidney injury and the 
mechanism of action are still debated. In 
dogs, reduced hemoglobin and oxyhemoglobin 
do not appear to be toxic, while methemo- 
globin appears to be toxic in the presence of an 
acid urine. If the urine is alkaline, methemo- 
globin is also nontoxic (4). It has been shown 
that when intravascular hemolysis occurs, 
part of the hemoglobin is oxidized to methe- 
moglobin (27). The application of these 
observations to the cases studied here is 
obvious when one remembers that methemo- 
globin has been found in the blood and urine 
of burned patients (23,24), and that the 
initial urines of most burned patients are acid. 
It is also possible that the products of he- 
molysis are particularly “toxic” to the 
kidneys of patients in shock. Under the 
conditions of relative ischemia and anoxia, the 
kidney may be more susceptible to injury. 
Yuile and his associates have shown recently 
in experimental animals that renal injury by 
hemoglobin occurred only when the kidney 
had been damaged previously. Another pos- 
sibility is that some other constituent of the 
red blood cells set free during hemolysis, for 
instance, the stroma, is toxic since solutions of 
hemoglobin are much less toxic than is hemo- 
lyzed blood (33). 

The problem of the toxicity of hemolyzed 
blood is intimately linked with the question 
whether alkalinization of the urine is in any 
way preventative of renal damage. This 
question in relation to the kidney dysfunction 
in patients with burns cannot be solved on 
clinical grounds alone, since practically all 
severely burned patients have an acid urine 
when they are admitted to the hospital and 
intravascular hemolysis has already existed 
for at least an hour before alkalinization of the 
urine is attempted. No studies in animals 
comparable to those of Baker and Dodds on 
the effect of alkalinization on the renal dam- 
age following hemolytic blood transfusion 
reaction have been made. The effect of 
alkalinization of the urine after hemolysis has 
been present cannot be evaluated from the 
data reported here, since despite the adminis- 
tration of alkali on entry, the urines remained 
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acid during the first 12 hours in most patients. 
Walker reported no benefit from early alka- 
linization in his patients with burns. 

The renal syndrome of severe burns is 
similar to the renal syndrome associated with 
crush injuries. The urine, in the latter syn- 
drome, however, contains myoglobin rather 
than hemoglobin, and the pigmented tubular 
casts have also been shown to contain myo- 
globin (5). It is believed that the myoglobin 
originates from the crushed muscles. Idio- 
pathic paralytic myoglobinuria, which is 
rarely encountered in man but is occasionally 
seen in horses, is also characterized by myo- 
globinemia and myoglobinuria and a clinical 
and pathologic renal picture entirely similar 
to that found after crush injury. Shen and 
Ham and Taylor and associates (24) have 
looked for myoglobin in the blood and urine 
of some burned patients but in no case was 
any found. Kidney dysfunction and renal 
changes similar to those described here have 
also been reported following severe traumatic 
injuries (noncrush) with shock. 

The azotemia observed in this series of 
patients deserves special comment since it 
may be due, in part, to an increased produc- 
tion of nonprotein nitrogen in the presence of a 
failing kidney. The very rapid rise in non- 
protein nitrogen values observed is best 
explained by a factor of increased production 
together with decreased excretion. This view 
is further supported by the fact that there is 
an increased breakdown of proteins in burns 
(25). 

Partition studies ’ “ the nonprotein nitrogen 
products in the bloud and urine of some of 
these patients with azotemia have revealed an 
increase in the “residual” nitrogen fraction 
(25,30). This has not been found in all pa- 
tients with clinical and pathologic changes. 
Its significance is not known at present. 

There is no evidence in the present series of 
cases that aminophyllin or hypertonic glucose 
solution intravenously led to any diuresis in 
the patients with impaired renal function. In 
1 case, following the administration of 
albumin intravenously, there was an increase 
in urine output. In 2 other patients to whom 
albumin was given for a possible diuretic 
effect, there was no increase in urine output. 


It would appear that a very important 
measure to be taken for preventing renal 
damage is the prompt and vigorous prophy- 
laxis and treatment of shock. The efficacy of 
early alkalinization has not been definitely 
evaluated. The injection of reducing agents 
to reduce the methemoglobin appears logical, 
but has had no adequate clinical or experi- 
mental trial. Once renal dysfunction has 
appeared, care must be taken in the adminis- 
tration of fluids, particularly sodium-contain- 
ing fluids, to avoid overloading the circulation. 
Aminophyllin and hypertonic glucose have 
not proved useful diuretic agents, and the 
latter in the presence of hypoproteinemia may 
lead to dangerously low plasma protein 
concentration. Albumin should be tried, 
particularly if there is hypoalbuminemia and 
peripheral edema. A possible danger would be 
the production of pulmonary edema. The use 
of diathermy (19), x-ray (29), decapsulation 
(1), sympathectomy (20) and spinal anes- 
thesia (20) have not been evaluated. 

It should be mentioned that most of the 
patients with renal dysfunction died of causes 
other than renal failure. However, it is 
possible that if these complications can be 
avoided the patient would go on to death 
from renal failure. In such cases it would be 
useful if measures could be taken to tide the 
patient over until renal tissue has had an 
opportunity to regenerate, and, possibly 
function to be restored. Extravascular (26) 
or peritoneal dialyzation (22) might be useful 
if they can be carried out practically and 
successfully. 

SUMMARY 

1. Forty-seven patients with burns were 
studied in an attempt to establish a correla- 
tion between kidney function during life and 
morphologic kidney abnormalities at autopsy. 

2. Twenty patients had abnormal kidneys 
at autopsy and except in 2 cases which showed 
pyelonephritis, the renal lesions consisted of 
tubular necrosis and the presence of pigment 
and cellular casts in the tubules. The remain- 
ing 27 patients had no significant renal 
morphologic changes. 

3. The pigment casts gave positive “hemo- 
globin stains” but no more specific identifica- 
tion was made. 
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4. Clinically, kidney dysfunction was mani- 


fested by persistent azotemia, oliguria, de- 
creased urinary nitrogen excretion, and, rare- 


ly, edema. 


Renal dysfunction was probably 


the cause of death in 2 patients. 


A close correlation was found among 


renal dysfunction, morphologic abnormalities 
of the kidneys, and extent of deep burn, 
severity of shock, and presence of hemoglo- 
binuria. 


I. 
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A NEW METHOD OF TREATMENT FOR SEVERE 
FRACTURES OF THE OS CALCIS 


A Preliminary Report 


KENNETH H. PRIDIE, F.R.C.S., Bristol, England 


N the past a fracture of the os calcis was 
a relatively rare injury, confined very 
largely to window cleaners. Modern 
warfare, however, with the introduction 
of the torpedo, land mine, paratroop landings, 
and other features of warfare, has increased 
not only its absolute incidence, but also the 
relative frequency of the severe, highly com- 
minuted type. Despite the most energetic 
treatment, the resultant disability remains a 
serious one. Patients are left with persistent 
pain, stiffness, inability to walk over rough 
ground or do ladder work, or indeed any form 
of hard manual labor. 
In those cases in which the subastragaloid 
joint has not been affected, early movements 


From the Fracture and Orthopaedic Departments of the Bristol 
Royal Hospital. 





Fig. 1... Reconstruction of the upper surface of a badly 
fractured os calcis. 


and freedom from weightbearing for 6 weeks 
produce good results, and the patients are 
able to return to their preaccident occupa- 
tions. But in others, even when the fracture 
does not appear to be a serious one, subastra- 
galoid arthritis develops out of all proportion 
to the x-ray findings so that the end-result is 
much worse than would be expected, the dis- 
ability consisting, as before, of pain and stiff- 
ness. Despite individual variations in toler- 
ance to pain, the findings in a large number of 
patients are remarkably consistent. 

Several views of a fractured os calcis were 
taken and from these the upper surface of the 
os calcis has been reconstructed, as shown in 
Figure 1. The disruption and distortion of 
the subastragaloid joint can be seen. Any 
form of treatment to correct and get hair align- 
ment of this complex joint surface is obviously 
impossible. Consequently, the patient de- 
velops a severe subastragaloid arthritis. 

The lateral view which is illustrated in 
Figure 2 shows how the os calcis has been 
broken on the wedgeshaped lower border of 
the astragalus. 





Fig. 2. Lateral view, showing os calcis broken on wedge- 
shaped lower border of astragalus. 
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Fig. 3. Case 1. Front and side views of injured foot. 


FORMS OF TREATMENT 


Boehler stimulated our interest in the prob- 
lem by introducing his method of applying 
skeletal traction to the back of the os calcis 
and at the same time compressing the bone 
from side to side by means of his redresseur. 
But this method has not produced any better 
end-results, nor has it prevented stiffness or 
subastragaloid arthritis. Nor is it entirely 
devoid of danger. In one case of a man, aged 
60 years, who had arteriosclerotic arteries, the 
counter pressure of Boehler’s frame in the 
popliteal space led to vascular damage and 
subsequent amputation of the leg. 

In the author’s hands late arthrodesis of the 
subastragaloid joint proved so disappointing 





Case 1. Fragments removed at an operation for 


Fig. 4. 
excision of the os calcis. 


that it was abandoned and early arthrodesis 
tried. But the operation is not as simple to 
perform as to describe, for the soft tissues are 
badly bruised and infiltrated with blood, while 
the os calcis is not so much a bone in frag- 
ments as a bag of bones. Under such circum- 
stances the satisfactory removal of the artic- 
ular cartilage from the subastragaloid joint 
surfaces is a procedure of great difficulty—in 
fact, the operation is impossible. 

A series of os calcis fractures were followed 
up and it became apparent that the results 
were extremely poor except in those of minor 
injuries. Not only was there the persistent 
pain of subastragaloid arthritis, but in addi- 
tion the whole foot became rigid and this 
“congealing”’ of the tarsus included the toes. 
In the normal leg and foot three joints provide 
the necessary movements which allow the foot 
to adapt itself to the ground and permit easy 
walking. They are the ankle, the subastraga- 
loid, and the midtarsal joints. When the latter 
two become stiff it is impossible for the indi- 
vidual to use his foot in the normal way be- 
cause only simple dorsiflexion and plantar 
flexion are left to him. As a result of this 
experience it was decided to perform total 
removal of the os calcis for the seriously com- 
minuted type. 

CasE 1. The first suitable case was a girl (M.D. 
Y.), aged 20, who on August 29, 1942, was injured 
while pillion riding on a motorcycle. She also had 
an undisplaced fracture of the internal malleolus. 


Operation was performed within 6 hours of the 
accident, under general anesthesia. With the pa- 
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Fig. 5. Condition of foot at operation, grossly edematous Fig. 6. Incision. Foot in sterile stockinette. 
over heel. 


tient lying prone, an incision 5 inches long was made 
in the midline, from 1 inch above the back of the os 
calcis over the point of the heel to the anterior end 
of the bone. In dissecting the two flaps, care was 
taken not to separate the skin from the deep struc- 
tures in order to preserve its blood supply. The 
plantar fascia was split longitudinally. The os calcis 
was sawed in two along its long axis and shelled out so 
as to leave intact the periosteum and the fibers of the 
Achilles tendon which pass over the bone to become 
continuous with the plantar fascia. 





Fig. 7, left. Exposure of os calcis. A, Cut edge of 
plantar fascia. 

Fig. 8. Os calcis completely removed. Astragalus ex- 
posed. A, astragalus; B, tendon peroneus longus; C, flexor 
hallucis longus; D, flexor digitorum longus; £, soggy Fig. 9. Suture of wound. Incision closed. Restoration 
edematous tissue in joint, seen after removal of os calcis. of norma! outline. 
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The cortex of the os calcis was extremely thin and 
the fragments spike-like, resembling a broken glass 
bottle. Figure 4 shows the fragments removed at an 
operation for excision of the os calcis. 

The under surface of the astragalus could be 
easily seen and was not fractured. It was noted that 
there was great swelling and bruising of the soft 
tissues, and it is undoubtedly the tension in them 
which leads to the fibrosis which causes so much 
stiffening of the joints and the small muscles. The 
operation not only removes the damaged bone and 
joint surface, but also relieves the soft tissue tension 
and reduces the general rigidity of the foot. The 
wound was closed by suturing the insertion of the 
Achilles tendon, now freed from bone, to the plantar 
fascia. The two halves of the periosteum and the 
skin and fascia were sutured in layers with cotton. 
Two gauze pads were placed on each side of the heel 
to maintain its natural shape, and the usual dressings 
and a firm bandage were applied. The foot was then 
immobilized in plantar flexion with plaster of Paris. 

When the plaster was removed 19 days later the 
wound was soundly healed and active movements 
were commenced. Two months after the operation 
the patient started walking, and was discharged 
after 3 months. A year later she walked well and was 
able to dance. At 18 months she walked without a 
limp, had no complaints, and stated that she was 
able to do anything. She could stand on tip-toe and 
when walking it was impossible to tell which foot had 
been injured. There was no loss of power and she 
had full range of inversion and eversion, and freely 
mobile midtarsal and toe joints. In appearance the 
foot was perfectly normal. 

Case 2. A man, D.G.F., aged 62 years, fell a 
distance of 1o feet on to a concrete floor on December 
21, 1942, and sustained a comminuted fracture of 
the left os calcis. He was operated on the next day 
and almost the whole os calcis was removed except 
the anterior '4 inch. He was able to go back to work 
after 6 months and has been at work ever since. He 
walks normally and is able to run. He can stand on 
tip-toe and there is no visible lack of power in the 
left leg. The Achilles tendon appears to be as strong 
on the left side as the right. The appearance of the 
foot is good and all movements are excellent. 


AFTER TREATMENT 

The foot is immobilized in the original plas- 
ter for 1 month. The position of plantar 
flexion is to ensure relaxation of the Achilles 
tendon so that its new attachment is not 
strained. At the end of 4 weeks the sutures are 
removed and active nonweight-bearing exer- 
cises are commenced. The important exer- 
cises are inversion, eversion, and circumduc- 
tion. Posttraumatic edema is prevented by 
insisting that the leg be not allowed to hang 
down during the 2 weeks immediately follow- 


ing removal of the cast except during periods 
of exercise. 

When the patient feels able to walk he is 
encouraged to do so. The average period is 
about 6 weeks. It is important to see that he 
is taught to walk correctly and without a limp. 


RESULTS 


This new method of treatment of fractures 
of the os calcis has been performed 15 times 
to date and the 2 cases reported were the first 
and therefore have been observed over a con- 
siderable time. Three years have now elapsed 
since the first operation was performed and 
this girl has an excellent result with prac- 
tically no disability. The second patient, a 
bricklayer, has now been working for 2 years, 
without disability. 

Two cases were not satisfactory. One, a 
man aged 63, fell 14 feet from a plank directly 
on to his left heel with the knee straight. He 
sustained a very severely comminuted fracture 
of the left os calcis and the os calcis was re- 
moved. He made a very poor recovery and 
got causalgic pains in his leg and at a later 
date the leg had to be amputated. The section 
of the foot afterward showed that there was a 
condition of arteriosclerosis present and he 
had very poor circulation. There was arthritis 
in all joints of the foot which was completely 
stiff and rigid. Whatever treatment this man 
had he would have had a poor result. Another 
patient for whom the os calcis of both feet 
was removed was an old man who had fallen 
20 feet and landed on his heels. He also had 
a very poor result. These were the only two 
really bad results out of the 15 cases I have 
done, and all the rest of the patients are 
doing exceptionally well. 


CONCLUSIONS 


The results of this operation have been so 
gratifying that this preliminary report is pub- 
lished in order that others may try it. It 
probably should be reserved for the severely 
comminuted fractures and, like other exci- 
sions of bones in the foot, it is a somewhat 
difficult operation because of the strong lig- 
aments attached to the bone. Unless one is 
careful to avoid a postoperative hematoma 
there is risk of sepsis. The operation should 
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be performed as soon as possible after the in- 
jury in order to prevent intrafascial tension 
from bleeding and edema which causes-ische- 
mia and subsequent congealing of the intrinsic 
muscles and leads to stiff midtarsal joints and 
stiff toes. Careful attention must be paid to 
the after treatment. 
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The chief advantages of this method are: 
Freedom from pain. 

Good range of inversion and eversion. 
Mobility of the whole foot. 

Good toe action. 

. This operation will undoubtedly save 
many an injured foot from amputation. 
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METASTASIS FROM A 


SO CALLED CARCINOID OF THE SMALL INTESTINE 


JAMES A. DICKSON, M.D., EDITH M. PARKHILL, M.D., and 


PAUL C 


ARCINOMAS of the small intestine 
are comparatively rare, comprising 
about 3 per cent of all intestinal 
cancers. The so called carcinoid tu- 

mors constitute approximately a fourth of all 
malignant neoplasms of the small bowel. 
These tumors have also been termed argen- 
taffinomas, chromaffinomas, paragangliomas, 
and primary carcinomas. They occur at least 
two times more frequently in the appendix 
than in the small bowel. However, this type 
of neoplasm has been known to occur in all 
locations of the gastrointestinal tract from 
cardia to anus. In the small intestine carci- 
noid tumors are characterized particularly by 
occurring in older persons and by the multipli- 
city of their primary lesions in contrast to the 
single primary lesions occurring in the appen- 
dix, which are seen most frequently in younger 
persons. The present report is concerned with 
a single small primary growth in the ileum 
with extension into the mesentery and a large 
retroperitoneal metastasis of both surgical and 
pathologic interest. 


HISTORICAL ASPECTS 


Credit is due to Lubarsch, who in 1888 
clearly distinguished these neoplasms from 
ordinary adenocarcinomas occurring in the 
gastrointestinal tract. He reported 2 cases of 


multiple nodules in the ileum and designated 

From the Division of Surgery, Mayo Foundation, and from the 
Section on Surgical Pathology and the Division of Surgery, Mayo 
Clinic. 


_ KIERNAN, M.D., Rochester, nilinasiee 


the lesions as primary carcinomas although 
they appeared somewhat atypical. Ransom, 
in 1890, described 1 case resembling that of 
Lubarsch, in which the neoplasm had spread 
into the mesentery and metastasized to the 
liver. 

It was Oberndorfer who in 1907 termed 
these neoplasms ‘‘carcinoids”’ to express their 
malignant appearance in contrast to their 
benign clinical course. Based on a study of 6 
cases of multiple tumors of the small bowel, 
Oberndorfer’s description of these neoplasms 
in summary is worth quoting in part in Forbus’ 
translation because some of the points may 
merit criticism in light of the behavior and 
character of lesions as reported since that 
time: ‘‘1. The tumors are usually multiple. 
2. The cells are largely undifferentiated masses, 
but may show glandular form. They are 
circumscribed and have no tendency to infil- 
trate the surrounding tissue. 4. Growth is 
slow, no large size being obtained. 5. The 
tumors are of a harmless character. 6. They 
lie regularly in the submucosa with frequent 
projections into the mucosa. 7. The stroma is 
smooth muscle derived from muscularis.”” We 
shall not comment in detail on the foregoing 
points of Oberndorfer’s description; suffice it 
to say that carcinoids certainly are not to be 
regarded as benign and harmless, especially 
when located in the small bowel. 

In contrast to the conception of Oberndorfer 
and in support of Bunting, Burckhardt con- 
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sidered these neoplasms definitely of basal cell 
character and analogous to the basal cell can- 
cers of Krompecher. While microscopically 
resembling basal cell epitheliomas superfi- 
cially, these tumors, unlike basal cell cancers, 
will definitely metastasize, as is indicated in 
reports published within recent years. 


ORIGIN OF THE SO CALLED 
CARCINOID TUMORS 


The exact cell or cells of origin of these 
tumors have not been conclusively demon- 
strated and authorities are not agreed. The 
weight of the evidence seems to be in favor of 
their origin from the argentaffin cells found 
distributed irregularly in the gastrointestinal 
tract and notably within the crypts of Lieber- 
kuehn. The three types of granular cells located 
in the intestinal tract and described by 
Schmidt, Kultschitzky, and Paneth all seem 
to be implicated as possible sources of these 
neoplasms. It was Gosset and Masson (7, 11) 
who first showed that certain cells situated at 
the bases of the crypts of Lieberkuehn reduce 
an ammoniacal solution of silver salts. The 
granules in these cells are stained by the 
chromaffin and silver impregnation methods 
and by various other stains, perhaps depend- 
ing on their different functional stages. No 
explanation of the histogenesis of carcinoid 
tumors of the small intestine can be accepted 
without some degree of reservation (3). There 
may be a common cell of origin or any of the 


three types mentioned earlier in this para- 
graph and described in detail by Kull may be 
their source under various situations. 


PATHOLOGIC ASPECTS OF SO CALLED CARCINOID 
TUMORS OF THE SMALL BOWEL 


As mentioned previously, these lesions 
occurring in the small intestine are frequently 
multiple and occur in an older age group than 
those found in the appendix, which are usu- 
ally single (17). The primary tumors are 
characteristically small in contrast to the 
much larger metastatic foci. They are char- 
acteristically yellow and frequently one may 
suspect the diagnosis grossly after sectioning 
the lesions. Most frequently, the lesions do 
extend into the mucosa and lumen of the 
bowel but this is not always so: in some cases 
the lesions seem to extend outward into the 
muscular coats with little or no projection into 
the lumen. Their growth in the intestinal wall 
results in kinking or angulation of the involved 
segments. Gross ulceration of mucosa may be 
absent, a fact that explains the absence of 
intestinal bleeding in many of these cases. 

Microscopically, these tumors consist of 
cuboidal, spherical, or cylindrical cells ar- 
ranged in small, irregularly shaped groups or 
masses. The nuclei are vesicular and rounded 
or ovoid. The cell groups or nests are usually 
predominantly solid. The lesions are usually 
seen in the muscularis mucosae and extend 
into the mucosa and muscular coats of the 
intestinal wall. The cytoplasm of these cells 
has usually an indistinct border and is finely 
granular. These granules are both chromaffin 
and argentaffin. The cells on the outermost 
border of the masses or groups frequently may 
be seen to be arranged in parallel fashion and 
assume a cubical shape recalling a similar pat- 
tern seen in basal cell cancers. This feature is 
more prominent in the fresh frozen sections 
than in the fixed paraffin sections showing the 
tumor cells. The cytoplasm of the tumor cells 
may be finely vacuolated because of the pre- 
sence of the lipoid material to which the yellow 
color of the tumor is due. The relative uni- 
formity of pattern of these groups or masses of 
cells, the lack of hyperchromatism, the regu- 
larity of their nuclei and partial opacity, seem 
to indicate low malignancy. Close examina- 
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Fig. 2. a, Primary lesion showing tumor cells in and be- 
\eath the mucosa of the ileum (hematoxylin and eosin, X 27). 
tion of the histopathologic features of these 
neoplasms of the small bowel does not seem of 
value in distinguishing those which have 
metastasized from those which have not 
metastasized and the picture seems to be 
similar in the two instances. 

These neoplasms are carcinomas and are 
characterized by slow growth. Burckhardt 
remarked that “‘ Metastasis from carcinoids is 
merely a matter of time.’”’ The malignancy of 
those in the small intestine is manifested much 
more frequently than the malignancy of those 
occurring in the appendix. Dockerty, Ash- 
burn, and Waugh (4, 5) noted metastasis in at 
least a third of their cases in which the neo- 
plasm occurred in the ileum. 

The carcinoid type of carcinoma spreads by 
the lymphatics and by venous invasion by the 
tumor cells. The likeness of these neoplasms 
to basal cell epitheliomas here terminates, 
because the latter do not metastasize, per- 
meate lymphatics, or invade veins. 

The term ‘“‘carcinoid’”’ may be a good term 
only so far as it distinguishes these neoplasms 
from other ordinary adenocarcinomas of the 


b, Argentaffin tumor cells arising in mucosa of small bowel 
(Masson silver impregnation method, X 27). 


intestinal tract. However, it should be em- 
phasized again that these tumors are not 
harmless or benign but malignant and that 
they will infiltrate and metastasize and may 
eventually result in the death of the patient. 
Some reports of cases in recent years have even 
indicated disseminated metastasis as in the 
case reported by Watz. Even with metastasis 
in the liver and other widespread regions it 
should also be emphasized that, provided the 
primary tumors are removed, the patient may 
live for many years in good health, as may be 
anticipated from the very slow growth of some 
of these tumors. In spite of their slow growth 
and mild clinical manifestations in many 
cases, we consider these neoplasms carcinomas. 
CLINICAL ASPECTS 

Symptoms, when present, are usually those 
of a chronic intestinal obstruction resulting 
from kinking of the involved segments of the 
bowel. Intussusception of the bowel may 
occur. Bleeding into the intestinal tract is 
most frequently absent. The patient is usu- 
ally not very ill and most often loss of weight 
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Fig. 3. a, Perineural collection of tumor cells from mes- —_, Note deeply stained endothelial cells lining perineural 
enteric metastatic focus (hematoxylin and eosin, X180). space. (Schmorl’s method for chromaffin cells, X 180). 








Fig. 4. a, Tumor cells from retroperitoneal mass, simi- 118). b, Argentaffin tumor cells from retroperitonea! 
lar to those in Figures 2 and 3 (hematoxylin and eosin, mass. (Masson silver impregnation method, X 273). 
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is not pronounced. In some of these cases the 
neoplasms are reported as being silent but 
in the small bowel they frequently give 
symptoms of obstruction. Occasionally there 
may be a palpable abdominal tumor. 

Roentgenographically, one may be able to 
demonstrate slight kinking and angulations of 
the involved portions of intestine associated 
with a small tumor projecting into the intes- 
tinal lumen. The kinking and the tumor may 
be the only signs demonstrable. 


SURGICAL ASPECTS 


The ideal surgical management for carcino- 
mas of the carcinoid type involving the small 
bowel is resection of the segments of bowel 
containing the small, single or multiple primary 
lesions with removal of all metastatic foci 
when feasible, including the involved lymph 
nodes. It is only in very rare instances, be- 
cause of the size and strategic location of 
metastatic masses, that it may be inadvisable 
to attempt their complete removal. However, 
when removal of the primary lesions has been 
performed, even with metastatic involvement, 
the prognosis may be good because of the slow 
growth of these neoplasms. When patients 
with metastatic foci located retroperitoneally, 
in the liver or in other locations have had the 
segments of small bowel containing the pri- 
mary tumors resected, followed by anastomo- 
sis of the remaining segments of bowel, they 
have been known to live for many years. 

It is important not to overlook multiple 
small primary lesions throughout the extent of 
the small bowel or even in the large bowel in 
these cases at the time of operation. The 
primary lesions may be very small and diffi- 
cult to palpate but their presence may be 
manifested grossly by a slight kinking or angu- 
lation of the involved segment or segments of 
the bowel. 

It is not possible to state whether removal 
of the primary tumor may have a beneficial 
effect on the metastatic foci from neoplasms 
of this type. Because of their slow growth 
metastatic tumors may be present for a long 
time without revealing their presence. 

In summary, the ideal form of surgical 
management seems to be as radical a removal 
of the primary lesions and any metastatic foci 
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as is feasible. When resectability is limited to 
removal of the primary tumor or tumors, the 
prognosis may be good and the patient may 
live for many years in health sufficiently satis- 
factory to carry on all normal activities in 
spite of even large metastatic foci. 


REPORT OF CASE 


The patient, a former nurse, was a woman, 65 
years of age, who appeared in fair general health. 
She was first seen at the Mayo Clinic July 16, 1945, 
when she stated that she had been fairly well until 5 
years ago, at which time she became constipated and 
began to take daily laxatives. At no time had she 
noticed any bleeding from the gastrointestinal tract. 
A series of roentgenographic studies had been done 
and at this early period her condition was diagnosed 
as ‘‘spastic colon.”” Two years ago, she noticed no 
improvement and had a second series of roentgeno- 
grams taken. At this time she was told that there 
was nothing abnormal to be found in her intestinal 
tract. She had complained for the past year of pain 
in the right upper quadrant of her abdomen, which 
had been relieved for short periods by colonic irriga- 
tions. She had not noted any bleeding or tarry stools. 
There had been no nausea or vomiting. There had 
been no jaundice or colic of any kind within recent 
years. Systemic review revealed a history of low 
back pain during the past year which she had noted 
most severely during change in position. Appendec- 
tomy had been performed 15 years ago and left 
mastectomy for a benign tumor 12 years ago. Ovar- 
ian cystectomy had been performed 4 years previously. 

Physical examination. The systolic blood pressure 
was 140 millimeters of mercury and the diastolic 
pressure 88, the pulse 80 and the temperature 98.6 
degrees F. The important physical findings were 
largely limited to the abdominal examination. There 
was a rather large, cylindric, firm, slightly tender 
mass located in the midabdomen, extending longi- 
tudinally to the right of the midline and measuring 
approximately 10 centimeters in length and 6 centi- 
meters in width. The mass was medial to the usual 
position of the cecum and was only slightly movable. 
No other masses were palpable. 

Clinical studies were then made. The excretory 
urogram was essentially negative on each side. 
Studies of the colon also gave negative results and a 
simple roentgenogram showed only an opaque resi- 
due in the colon. The abdominal field was otherwise 
negative roentgenographically. Complete studies of 
the blood and urinalysis revealed normal findings. 

Operative procedure (abstracted in part). Operation, 
consisting of resection of a portion of the ileum, ileo- 
ileostomy (side-to-side) and removal of a specimen 
from the retroperitoneal tumor for diagnosis, was 
performed by one of us (P. C. K.) on August 7,-1945. 
The operative diagnosis was retroperitoneal malig- 
nant tumor with involvement of the mesentery of the 
small bowel and primary lesion in the small bowel. 
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Examination of the stomach, colon, and first por- 
tion of the duodenum gave negative results. The 
gall bladder was distended and thin-walled but con- 
tained no stones. The liver and pancreas were nor- 
mal. On examination of the pelvis, it was observed 
that the uterus was atrophic and the adnexa were 
negative to palpation. The small bowel was normal 
throughout the jejunum and upper part of the ileum 
but, about the midileum, the mesentery was much 
shortened and was attached to a retroperitoneal 
mass. There was a slight kinking or angulation in 
this portion of the ileum and a small nodule could be 
seen extending to the serosal surface. At this same 
segment of the ileum, approximately 3 feet (91 cm.) 
of the lower portion of the ileum was closely adherent 
to this mass. The tumor, although not completely 
fixed, involved the entire root of the mesentery of 
the small bowel and was closely adherent to the large 
vessels. Figure 1 illustrates diagrammatically the 
relative position of the retroperitoneal mass and its 
relationship to the small bowel. It was thought best 
not to attempt removal of the retroperitoneal mass. 
Approximately 3 feet (91 cm.) of the lower part of 
the ileum was resected, including the involved in- 
durated portion of the mesentery, the ends of the 
bowel were turned in and a side-to-side anastomosis 
was performed. The anastomosis was about 3 to 4 
feet (gt to 122 cm.) proximal to the ileocecal valve 
and seemed satisfactory. The appendix had been 
removed previously elsewhere. Biopsy of two speci- 
mens from the retroperitoneal mass was performed 
for diagnosis. 

Pathologic aspects. The resected portion of the 
ileum contained a small rounded nodule measuring 
1.4 by 1 centimeter located within the wall of the 
ileum and extending to the serosal surface, and also 
several irregular nodules located within the mesen- 
tery of the ileum just beneath the primary lesion. 
The cut surface of the primary lesion was smooth and 
yellow and the lesion appeared to involve predom- 
inantly the submucosa and muscularis but did not 
project into the lumen of the small bowel. The in- 
volved mesentery was firm and irregularly shaped 
and appeared more whitish than the yellow primary 
lesion. The two small pieces of tissue from the retro- 
peritoneal mass presented an occasional yellowish 
spot within their substance. Microscopically, sec- 
tions from the primary lesion, from the involved 
mesentery, and from the retroperitoneal mass were 
all similar and characteristic of those of carcinoma 
of the carcinoid type. The tumor cells were all 
microscopically identical in each location. The tu- 
mor cells were arranged in solid groups or masses 
made up predominantly of spherical cells. The cyto- 
plasm was finely granular with indistinct cytoplasmic 
borders and the nuclei were small, rounded or ovoid 
and vesicular. The fine granules within the cyto- 
ee of all these tumor cells in each location were 

oth argentaffin and chromaffin. Figure 2 shows one 
of the sections taken from the small primary lesion 
within the wall of the ileum. Figure 3 illustrates one 
of the sections taken from the involved mesentery of 
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the ileum. Figure 4 is representative of one of the 
sections taken from the retroperitoneal mass. It is 
evident that the small lesion in the wall of the ileum 
was the primary site and that the nodules in the 
mesentery and the large retroperitoneal mass, which 
greatly exceeded the volume of the small primary 
lesion, were metastatic foci. All of these locations, 
including the primary lesion in the ileum, showed 
carcinoma of the carcinoid type. 

Postoperative course. The postoperative course was 
uneventful and the patient was dismissed from the 
hospital August 14, 1945, and from the clinic August 
24, 1945, in a satisfactory condition. 


COMMENT 


Some of the important surgical and patho- 
logic aspects of carcinomas of the carcinoid 
type involving the small bowel have been 
previously discussed. 

The case herein reported of a so called carci- 
noid presented several unusual features of 
both surgical and pathologic interest. It was 
illustrative in many respects of these tumors 
occurring in this portion of the small bowel 
except that in this case there was only a single 
primary lesion. However, the rather extensive 
involvement of the mesentery and the large 
retroperitoneal metastasis were unusual fea- 
tures. The most unusual feature of this case 
was the strategic location of the large retro- 
peritoneal mass at the root of the small intes- 
tine in proximity to the great vessels in such a 
manner so as to make its removal inadvisable 
to attempt. In spite of the fact that it was not 
possible to remove the large retroperitoneal 
mass, it was possible to remove the primary 
lesion and the involved mesentery and thus 
avert any future threat of obstruction, which 
indeed is one of the most likely complications 
with neoplasms of this type involving the 
small bowel. 

SUMMARY 

A case of so called carcinoid of the ileum 
with a large retroperitoneal metastasis has 
been presented. The strategic location of the 
large retroperitoneal mass at the root of the 
mesentery of the small bowel prevented any 
attempt at excision but it was possible to 
remove the primary lesion in the ileum with 
the involved mesentery and thus relieve any 
further possibility of obstruction. The case 
presented illustrates well the fact that these 
neoplasms can no longer be regarded as benign 
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and harmless. We consider these so called 
carcinoids of the small bowel to be grade 1 
(Broders’ method) carcinomas of the carcinoid 
type in order to distinguish them from the 
ordinary adenocarcinomas of the intestinal 
tract. Designation of these neoplasms as grade 
1 carcinomas indicates their slow growth and 
low malignancy. It is felt that the histopatho- 
logic picture of those neoplasms which have 
metastasized is similar to the picture of those 
which have not metastasized. Therefore, one 
is unable to predict on the histopathologic 
basis which of these neoplasmswill metastasize. 
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INTRATHORACIC TUMORS OF THE SYMPATHETIC 
NERVOUS SYSTEM 


R. K. HOLLINGSWORTH, M.D., F A.C.S., Washington, D.C. 


EOPLASMS of the sympathetic 
nervous system are widely dis- 
tributed, having been reported as 
occurring in the adrenal (most 
frequent site), abdominal, cervical, thoracic, 
and pelvic sympathetics, the jejunum, celiac 
ganglion, mesentery, liver, coccygeal body, 
uterus, cavity of the nose, skin and sub- 
cutaneous tissue, scapula region and carotid 
body. Their occurrence within the thorax, 
while not rare, is still unusual enough to war- 
rant their being classified as a curiosity by 
Gray and to justify the continued reporting 
of individual cases or small groups of cases. 
More often than not, they are symptomless, 
their discovery being quite accidental. For 
this reason an accurate estimate of their in- 
cidence can not be made. Mass chest x-ray 
surveys such as preinduction, pre-employ- 
ment, and school examinations will inevitably 
lead to the more frequent discovery of intra- 
thoracic neoplasms, and their removal and 
consequent correct diagnosis will follow. 

The present communication deals with the 
occurrence of these neoplasms, the embry- 
ology of the sympathetic nervous system in 
its relation to their formation, a discussion of 
their characteristics, and a detailed report of 
7 cases which have occurred at the Univer- 
sity of Michigan Hospital. In addition, the 
author has found 63 cases of intrathoracic 
sympathetic tumors reported in the litera- 
ture. Of these 43 or 68.2 per cent were gang- 
lioneuromas, 16 or 25.4 per cent sympatho- 
blastomas (neuroblastoma), 2 or 2.3 per cent 
sympathogoniomas and 2 or 3.2 per cent phe- 
ochromocytomas. 


OCCURRENCE 


Gray states that in 1864 Knoebellanch re- 
ported the first ganglioneuroma in the case of 
a neuroma reported by Odier in 1803. The 
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tumor was undoubtedly a ganglion cell tumor. 
The first tumor from the sympathetic nervous 
system to be .adequately described was re- 
ported by Virchow in 1864, designated by him 
as a glioma but believed by Wahl and others 
to have been a ganglioneuroma. Loretz in 
1870 first described ganglioneuromas and 
reported the first intrathoracic case. But it 
was not until 1910 that Wright placed these 
tumors on a sound pathological basis. He 
called attention to a group of tumors, the 
nature of which had previously escaped gen- 
eral recognition, and he pointed out their 
distinguishing characteristics. He considered 
the essential cells of the tumors to be more or 
less differentiated nerve cells, neurocytes or 
neuroblasts, and designated these tumors as 
neurocytoma and neuroblastoma. Paragan- 
gliomas or the chromaffin tumors were first 
described by Manasse in the suprarenal gland 
in 1893. Frankel in 1886 and Perley in 1890 
described tumors apparently of this type. 

True nerve tumors, i.e., growths consisting 
of specific nerve tissue elements, may occur in 
any part of the nervous structure. They may 
be benign or malignant and while they may 
differ widely in their structure, behavior, and 
occurrence, yet they are closely related onto- 
genetically. Both the benign and malignant 
forms are well illustrated in the sympathetic 
system. The benign form includes the gan- 
glioneuromas and the chromaffin tumors, in 
both of which the cells are more or less highly 
differentiated. The malignant form, not 
recognized as such until Wright’s epochal 
work placed them in their proper category, 
are the neurocytomas or neuroblastomas. The 
confused terminology of this group will be 
discussed later. 

As previously stated, these tumors are as 
widely distributed in the body as the sym- 
pathetic nervous system itself, but by far the 
greater number are to be found in the adrenal. 
Lewis and Geschickter studied 40 neuro- 
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blastomas and found that 33 of them were in 
the medulla of the suprarenal gland, or in 
sympathetic ganglions adjacent to the me- 
dulla. Scott and Palmer reviewed the litera- 
ture up to 1932 and found only 37 reported 
cases of sympathetic blastomatous tumors 
other than those in the adrenal medulla. 
Shultz in 1926 reported 53 cases of ganglio- 
neuroma not in the adrenal. The number of 
these cases found in the chest is not stated by 
either author. Loretz’s case in 1870 is the 
first thoracic sympathetic tumor reported. 
Reid lists 3 cases of intrathoracic neuro- 
blastoma and 6 of ganglioneuroma reported 
up to 1928. Bigler and Hoyne, reporting 1 
case of their own in 1934, reviewed the litera- 
ture up to that time and found 11 reported 
cases in the thorax out of a total of 164 cases 
of ganglioneuroma in various situations. 
James and Curtis found 33 reported cases up 
to 1941 and Skinner, reporting 1 case in 1943, 
cites 37 in the literature. Wahl and Robinson 
state that up to 1943 only 13 cases of thoracic 
neuroblastoma have been reported out of 
about 200 cases in the entire literature. Para- 
ganglioma are rare in adults and rarer in the 
chest, only 2 cases of thoracic origin having 
been recorded, although Wahl and Robinson 
report an interesting case of a mediastinal 
neuroblastoma containing pheochromoblas- 
tomatous elements 


EMBRYOLOGY 


A thorough understanding of sympathetic 
nerve tumors is dependent on a knowledge of 
the embryology of the sympathetic nervous sys- 
tem. According to Jordan, ‘the peripheral nerv- 
ous system comprises nerves and ganglia out- 
side the central nervous system. It includes (1) 
the cerebrospinal nerves and (2) the sympa- 
thetic nervoussystem. Constituent nerve fibers 
include both myelinated and unmyelinated 
varieties. The sympathetic ganglia of both 
the trunk and head arise from cells which 
migrate from the neural tube to their defini- 
tive positions. In the trunk region the gan- 
glion cells migrate before the formation of 
definitive nerve fibers and during migration 
the cells are in an indifferent stage, only later 
developing into either neuroblasts or support- 
ing elements. It is well known that this 





migration takes place at an early period of 
embryological development. In addition to 
the sympathetic neurocytes, the sympathetic 
primordium is also the progenitor of the 
chromaffin (pheochrome) cells. In the early 
stages of development. the two can not be 
distinguished from each other.’”’ The chro- 
maffin cells are characteristic of the para- 
ganglia, the medulla of the suprarenal and the 
carotid body, although their presence in the 
latter is denied by some. The paraganglia are 
formed from groups of these cells which have 
migrated along the entire sympathetic system. 
Some migrate to the dorsal surface of sym- 
pathetic ganglia where they form small 
rounded masses which become lodged in de- 
pressions in the ganglia. Other cells migrate 
to the kidneys, uterus, liver, and testes while 
still others come to rest on the ventral surface 
of the abdominal sympathetic plexuses and 
differentiate into larger chromaffin bodies. 
The largest of these are the organs of Zucker- 
kandl which develop in the connective tissue 
along the sides of the aorta near the bifurca- 
tion. The chromaffin cells of the suprarenal 
medulla pass laterally from the celiac sym- 
pathetic plexus until they come in contact 
with the cortical cells which have developed 
from the celomic epithelium. The medullary 
cells then grow into the mass of cortical cells, 
this growth beginning at about the 12 milli- 
meter stage and continuing until after birth. 
According to Poll the development of gan- 
glion cells from sympathogonia continues 
until the tenth year and this may be a factor 
in the development of neoplastic conditions of 
the sympathetic system. These peripherally 
migrating nerve cells may come to rest almost 
anywhere in the body and are capable of 
proliferating and forming tumors at a later 
date in life. 

Experimentally, the origin of the sym- 
pathetic system has been proved by Harri- 
son’s historic work and confirmed by Van 
Campenhout. They showed that the removal 
of the entire neural crest from embryo Rama 
pipens will result in total failure of develop- 
ment of the spinal and sympathetic ganglions 
throughout the trunk region. The motor 
neurons develop normally but are sheathless; 
the chromaffin apparatus of the adrenal gland 
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does not develop and there are no sympathetic 
nerve elements in the wall of the digestive 
tube. 

A critical examination of the sympathetic 
primordia shows these elements to be totally 
undifferentiated. They are spherical in shape 
and possess round chromatin-rich nuclei sur- 
rounded by scant cytoplasm. These cells have 
often been described as “lymphoid” cells and 
it is this “lymphoid” characteristic which 
undoubtedly led early observers to describe 
tumors composed of these cells as small round 
cell sarcomas or lymphosarcomas. Even at 
this early stage, according to Bielschowsky, 
these sympathogonia or undifferentiated neuro- 
cytes possess very delicate fibrils which are 
not as yet demonstrable by the silver staining 
method. Passing along to the next stage of 
maturation, sympathogonias develop into 
sympathoblasts which are somewhat larger 
than the former, possess a clearer, almost 
vesicular nucleus and a somewhat larger pro- 
toplasmic body. In part they produce axones 
which may be demonstrated by the silver 
method in the form of fine threads and may be 
traced over long distances. The final stage of 
maturation is represented by the sympathetic 
ganglion cells in which the nucleus-plasma 
relation is largely in favor of the cell body. 
The cells possess predominantly a multipolar 
form and exhibit a varied manner of branch- 
ing of their processes. They contain intra- 


cellular fibrils and chromophile Nissl clumps. 
These nerve cells are enclosed in a connective 
tissue capsule and are surrounded by gliogenic 
satellites. 

The embryogenic factor of importance in 
the understanding of the histopathological 
findings in sympathetic neoplasms is the réle 
played by the sympathogonia. They have 
been assigned a place in the scheme of de- 
velopment comparable to the rdle of the 
medulloblast in the developing central nervous 
system. Schaper was the first to hypothesize 
indifferent cells, derived from the medullary 
epithelium, bipotential in their possibilities, 
and developing into either spongioblasts or 
neuroblasts. While many workers deny the 
existence of the medulloblast, His accepted 
these cells but he did not believe them to be 
bipotential. He believed, rather, that each 
cell was unipotential and was predestined 
from the beginning to become a spongioblast 
or a neuroblast. Bailey and Cushing believed 
that Schaper’s hypothesis was necessary for a 
proper comprehension of the normal histo- 
genesis of the brain, of malformations of the 
brain and of brain tumors. Having been 
generally accepted, this theory is likewise 
essential to a proper understanding of the 
developing sympathetic nervous system and 
its abnormalities. Sympathogonia, then, are 
generally considered as_ indifferent cells, 
pluripotential in their possibilities and the 
mother cells of (a) sympathoblasts and sym- 
pathetic ganglion cells; (b) the chromaffinic 
(pheochromic) cell structures which are the 
pheochromocytes of the adrenal medulla, the 
paraganglionic bodies and other structures; 
and (c) the immature glial cells of the sym- 
pathetic nervous system, the astroblasts, 
which ripen into mature supporting units, the 
astrocytes. The genetic elements comprising 
the sympathetic nervous system are ex- 
pressed schematically in Figure 1. 

Martius in 1913 described a tumor in which 
he found both a high degree of differentiation 
of the fibrillae and the presence of many cells 
that corresponded to Poll’s sympathoblasts. 
He called this tumor a sympathoblastoma and 
looked upon it as affording the missing link 
between ganglioneuroma and the malignant 
neuroblastoma. 
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CLASSIFICATION 


Inasmuch as it has been demonstrated that 
the sympathetic nervous system is developed 
by a progressive growth of, and a differentia- 
tion from, the pluripotential mother cells, the 
sympathogonia, it is to be expected that 
tumors arising during the process of differ- 
entiation may contain cells in varying degrees 
of maturity. This naturally produces new 
growths difficult of classification, as the 
tumors rarely contain a single cell type. 
Various transitions between different forms 
have been reported and two or three types 
may be present in one tumor. Numerous 
classifications have been offered and even a 
casual review of what has been written on the 
subject serves to convince the reader of the 
confusion which exists. Wahl, in 1914, Dunn, 
in 1914-1915, Lehman, in 1927, Symmers in 
1936 and others have classified cases as neuro- 
blastomas, ganglioneuromas, and chromaf- 
finomas. Von Fischer in 1922 classified the 
group according to degree of differentiation. 
Scott and Palmer in 1932 base their classifica- 
tion on the plan proposed by Bailey and 
Cushing for tumors of the central nervous 
system. Bielschowsky believes that a simple 
classification is best and that any attempt to 
subdivide on a basis of degree of immaturity 
only adds to the confusion, and his classifica- 
tion is the simplest one found. Robertson in 
1915 correlated the terms used by previous 
authors. “‘Neurocytoma” (Marchand) =“‘neu- 
roblastoma” (Wright) =“‘sympathoblastoma”’ 
or “ganglioma embryonale sympathicum”’ 
(Pick) =“‘sympathogonioma’”’ (Kohler) =“sym- 
pathoblastoma” (Robertson). Bailey and 
Cushing prefer the term sympathicoblast for 
the primitive pluripotential cell before it has 
taken on the characteristics of a unipolar 
neuroblast and they use the term sympathico- 
blastoma instead of neuroblastoma for all 
tumors in which the cellular elements are of 
the undifferentiated type. They feel that 
“sympathicoblastoma” more definitely places 
these tumors because the term neuroblastoma 
is used also to describe certain cerebral neo- 
plasms. Further, all the primitive cells are 
not potential neuroblasts since some differ- 
entiate into chromaffin cells. On this basis 
Blacklock classifies all cases, exclusive of the 
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chromaffinomas, into sympathicoblastomas 
(all malignant) and ganglioneuromas (gen- 
erally simple and benign). The former he 
subdivides into (1) undifferentiated (com- 
posed only of sympathogoni) and (2) differ- 
entiated. The differentiated he again sub- 
divides into those which are composed of 
sympathogonia and sympathoblasts and those 
containing ganglion cells in addition to the 
more primitive cells. These he terms ganglio- 
sympathicoblastoma. From a practical clin- 
ical and pathological point of view, Biel- 
schowsky’s simple classification is appealing. 
Schematically it is represented in Figure 2. 

Bielschowsky makes no attempt to sub- 
classify the tumors according to the various 
degrees of differentiation, as is done by some 
authors. As has been repeatedly stressed, 
these tumors are composed of more than one 
cell type and a thorough understanding of the 
embryology, with the designation of the neo- 
plasm according to the predominant type of 
cell present, should serve to give one a clear 
picture of the pathological process. 


DISCUSSION 


A discussion of sympathetic nerve tumors 
on a basis of any of the various classifications 
available is very difficult. However, from a 
review of all available descriptions of the 
microscopic appearance of the reported tu- 
mors, I believe that the names neuroblastoma, 
sympathoblastoma, and sympathicoblastoma 
have been used interchangeably to designate 
the immature type of tumor. Usually no 
attempt has been made to separate these im- 
mature tumors into those composed entirely 
or predominantly of sympathogonia (sym- 
pathogonioma), and those in which the 
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sympathoblast (sympathoblastoma), in vari- 
ous degrees of maturity, is the predominant 
cell. The present discussion follows Biel- 
schowsky’s simple classification (Fig. 2). 

Sympathogonioma. As is to be expected, the 
sympathogoniomas are very malignant. Found 
most commonly as a primary growth in one or 
both adrenals, their occurrence in the chest is 
rare, Sailer and Andrus having reported the 
only cases. However, taking the factors men- 
tioned in the preceding paragraph into con- 
sideration, one is justified in assuming that 
other sympathogonioma are present in the 
group reported as neuroblastoma or sym- 
pathoblastoma. The case reported by Startz 
and Abrams is an example. This was a 3 year 
old child who died and at autopsy extensive 
metastases to the lymph nodes and bones were 
found. Microscopically the tumor was com- 
posed almost entirely of small round cells with 
scant cytoplasm, typically sympathogonia. 
Because of their highly malignant nature they 
are found most commonly in the newborn and 
in youth, rarely in adults. Paradoxically 
enough, Sailer’s case was in a woman of 65 
years of age. 

Sympathogonioma are extremely cellular, 
being composed of the closely packed lym- 
phoid type of cell previously described. Very 
iittle supporting structure is seen. There is a 
tendency to rosette formation, Lewis and 
Geschickter having found rosettes in one- 
third of their cases and Wahl reporting them 
in one-half of the cases studied by him. 
Metastases usually occur early and are wide- 
spread, being found most frequently in the 


lymph nodes, long bones, skull, brain, and 
liver. 

Sympathoblastoma. Sympathoblastomas, 
differing only in that they represent greater 
maturity, are somewhat less malignant and 
usually are found at a somewhat older age. 
Scott and Palmer, reporting on 13 sym- 
pathetic tumors other than those in the 
adrenal gland, found that 5, or 38 per cent, 
were in children 3 years old or younger as 
compared to 11, or 58 per cent, of 19 sym- 
pathogoniomas in the same age group. Intra- 
thoracic sympathoblastomas are rare, occur- 
ring in only 16 of the 63 cases of sympathetic 
nerve tumors found recorded to date, an 
incidence of 25.5 per cent. This includes the 
case of Wahl and Robinson which contained 
pheochromoblastomatous elements, and Cush- 
ing and Wolbach’s case which was of the 
dumbbell type, the intrathoracic portion 
being a sympathicoblastoma and the intra- 
spinal portion (removed 10 years after the 
intrathoracic operation) a ganglioneuroma. 
The age limits were from 12 weeks to 48 years, 
12 of the 16 cases or 75 per cent occurring in 
children under ro years of age. 

Blacklock states that no tumor composed 
only of sympathoblasts has yet been reported. 
While these cells usually predominate in the 
over-all picture, sympathetic ganglion cells in 
all degrees of differentiation are encountered. 
Sympathogonia, sympathoblasts, immature 
ganglion cells, and mature ganglion cells may 
be present in one section. On the other hand, 
sections from different parts of the same 
tumor may present only one cell type and 
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unless blocks are cut from various parts and 
studied, an entirely erroneous diagnosis may 
be made. Not as cellular as the sympatho- 
gonia, these tumors may contain large num- 
bers of nerve fibrils. Differential stains such 
as silver impregnation, chrome salts and 
connective tissue stains are often necessary 
for complete classification. Metastasizing 
much more slowly than the sympathogonioma, 
they are more apt to show local invasive 
tendencies. Their metastasizing tendencies, 
however, are as varied as their microscopic 
picture. 

Ganglioneuroma. Passing on to the mature 
tumors we have the ganglioneuroma. In 
these the neurocytic elements have differen- 
tiated into ganglion cells rich in plasma. Con- 
trary to the opinion expressed by Bohrer and 
Lincoln this tumor is far from rare among 
children. Shultz reported 53 cases of ganglio- 
neuroma not in the adrenal gland. Twenty- 
four were in adults, 21 in children, and in 8 
the age was not stated. In the intrathoracic 
cases, the age varied from 1 to 73 years, 21 out 
of 43 cases, or 48.8 per cent, being 10 years of 
age or younger and 29, or 67.4 per cent, under 
20. In 3 additional cases the age is not given 
although one is stated to be a child. In none 
of these tumors, however, can age per se be 
said to be of great importance as all are due to 
embryonic rests, the age given representing 
only the age at which they are discovered. 
Sex also is unimportant, 12 of the cases being 
in females, 11 in males, and in 6 the sex was 
not stated (Table 1). 

Ganglioneuromas vary in size, the reported 
tumors ranging from that of a hen’s egg to that 
of a child’s head. Usually of firm consistency 
and well encapsulated, degenerative changes 
may give the tumor a soft “feel” beneath a 
firm outer shell. The cut surface may show 
lobulation and its color varies according to 
the degree of vascularity. Usually they are 
relatively avascular and present a grayish 
white to gray, glistening appearance. Micro- 
scopically the picture is usually one of rather 
coarsely arranged fibrous tissue mixed with 
strands of medullated and nonmedullated 
nerve fibers, the latter predominating as a 
rule. Multipolar ganglion cells in varying 
numbers are found scattered throughout. 
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Some areas may be very cellular while in 
others only an occasional ganglion cell is seen. 
These areas vary, not only in different tumors, 
but, in different parts of the same tumor. Not 
infrequently multinucleated ganglion cells are 
seen, indicating an element of immaturity. 
In addition, tumors are encountered in which 
varying numbers of ganglion cells are present 
in a growth which otherwise has all the cri- 
teria of a fibrous tissue growth. To these the 
name ganglion neurofibroma or ganglionated 
neurofibroma has been given by some pathol- 
ogists. Cases 3, 4, 6, and 7, reported in this 
article, represent this type. 

Usually considered as benign tumors, malig- 
nant ganglioneuromas have been reported. 
These are due to an abundant intermixture of 
immature ganglion cells and have been 
designated as ganglioneuroblastoma. 

Chromafiin tumors. Chromaffin tumors, 
which Lewis and Geschickter consider the 
most common tumors of the sympathetic 
system, are exceedingly rare within the 
thorax, only 2 cases having been reported, 
that of Miller in 1924, and Phillip’s case in 
1940. The case of Wahl and Robinson, pre- 
viously mentioned, did contain chromaffin 
elements, although the authors classified it as 
a sympathoblastoma. Their most distin- 
guishing feature is, of course, their affinity for 
chrome salts. The large polyhedral cells in a 
richly vascularized fibrous tissue stroma show 
a granular cytoplasm and a large vascular 
nucleus, usually containing one large nucleo- 
lus. Sections fixed in Orth’s solution, which 
contains potassium dichromate, stain the 
cytoplasmic granules a golden yellow. 

Dumbbell tumors. Tumors which present 
both in the chest and in the spinal canal, the 
so called dumbbell or hourglass tumors, have 
been described. They are of fairly frequent 
occurrence, particularly among the ganglio- 
neuromas. While an intrathoracic growth 
may conceivably grow into one or more of the 
vertebral foramina, I believe that these 
tumors are more accurately accounted for on 
an embryological basis, either from an em- 
bryonic “rest” of the migrating indifferent 
cells or from the ganglionic elements of an 
intercostal nerve. Quite frequently it is the 
pressure of the spinal segment of the tumor 
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on the cord which brings the condition to the 
attention of the patient. They are found more 
frequently in children. Eden, in his paper 
devoted to this type of tumor, reports an 
interesting case of a man 23 years of age whose 
first symptoms dated back to age 5 when a 
radiographic opacity in the chest had been 
diagnosed as an irremovable sarcoma of the 
spine. During the intervening 18 years, he 
had been free of symptoms but finally pre- 
sented himself for treatment because of leg 
weakness and difficulty in urinating, the same 
symptoms which had called attention to the 
tumor many years before. At operation the 
tumor was found to be a ganglioneuroma, 
dumbbell type. 

Unusual types. Martius (quoted by Dunn) 
in 1913 described a case in which a malignant 
neuroblastoma was removed surgically from 
the lower part of the neck, and, on subsequent 
postmortem examination, another part of the 
same tumor in the uppermost part of the 
thorax was found to be a ganglioneuroma. 
Furthermore, Suzuki 1910, Hedinger 1911, 
and Wahl 1914 have reported cases in which 
sympathogonia, ganglion cells and chromaf- 
fin cells were all present in the same growth. 
Wahl and Craig have also found that these 
tumors may be multicentric. While usually 
of the same type, all three types (neuro- 
blastoma,ganglioneuroma,and paraganglioma) 
may be present, occurring independently of 
each other. They report a case of a 28 year 
old man in whom three separate growths were 
found: (1) a ganglioneuroma of the sigmoid 
colon; (2) a neuroblastoma in the pelvis; and 
(3) a ganglioneuroblastoma in another part of 
the pelvis. The only multicentric tumor in- 
volving the chest is that reported by Bigler 
and Hoyne, a mediastinal ganglioneuroma 
with another located under the right clavicle. 

Neurofibromas. Finally, one must not lose 
sight of the fact that any of the intrathoracic 
neurogenic tumors may have their origin from 
the sympathetic nervous system. In speaking 
of sympathetic nerve tumors, one instinctively 
thinks only of the immature and mature 
ganglion cell tumors already described. How- 
ever, reference to Figure 1 clearly indicates 
that all the neurogenic elements found in the 
neurofibromas, schwannomas, etc., are de- 


rived from the ganglionic crest. In addition 
to this, even though the neoplasm may grossly 
appear to originate from an intercostal nerve, 
it must be remembered that intercostal nerves 
are derived partly from the ganglions of the 
posterior roots, which ganglions arise from the 
medullary epithelium by way of the neural 
crest. There are two schools of thought re- 
garding the origin of neurofibromas, one group 
who note the presence of collagen and reticulin 
fibers and regard them as true mesoblastic 
fibromas, and the second group who trace all 
the tumors to neural elements, especially the 
Schwann cells, endoneurium and the lamellar 
sheath. In either case they may be derived 
from the sympathetic system and thus sub- 
ject to classification under this heading. In 
‘this connection, a recent case report by Blades 
and Dugan is of interest. Two neurofibromas 
were found on the upper sympathetic chain 
within the thorax and 2 on the left vagus be- 
low the recurrent nerve. In addition, this 
patient had café au Jaitspotsin both axillae and 
on the chest, typical stigma of von Reckling- 
hausen’s neurofibromatosis. Removal was 
without incident. In spite of the definite 
possibility of their sympathetic origin, no 
classification has yet been offered which makes 
provision for the inclusion of this large group 
of tumors. In fact, they are not usually 
considered as sympathetic nerve tumors. The 
increased incidence of the removal of intra- 
thoracic neurogenic neoplasms will undoubt- 
edly stimulate further study of these growths 
and lead to a more accurate classification. 


CASE REPORTS 


Seven cases of intrathoracic sympathetic 
nerve tumors have been found in the records 
of the University Hospital and they are 
reported somewhat in detail here. 


CasE 1. E. L. H., No. 371334, a 7 year old school- 
girl, was admitted to the University Hospital on 
October 24, 1935. Her chief complaint was pain in 
the left side of the chest. The pain began about 114 
years previously and had increased gradually up to 
the time of admission. For the past year there had 
been shortness of breath on exertion and she had 
failed to gain weight. One month previously she had 
had an unexplained period of fever up to 103 degrees 
and an x-ray film of the chest disclosed a tumor in 
the left hemithorax. Essential physical findings 
were: heart displaced to right, the right border of 
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cardiac dullness being 1 centimeter medial to the 
right nipple line and the left border of cardiac dull- 
ness shaded into the flatness of the lower part of the 
left chest. Heart sounds were normal. The left 
chest was flat to percussion below the left second rib 
anteriorly, the fourth rib in the axilla, and the fifth 
and sixth posteriorly. Below this line breath sounds 
were absent. Tactile and vocal fremitus were ab- 
sent. In the abdomen fullness was demonstrated in 
the left upper quadrant and the spleen could be 
palpated below what appeared to be a tumor mass. 
The Kahn reaction and all routine laboratory tests 
were within normal limits. The vital capacity was 
675 cubic centimeters, coagulation time, 6 minutes. 
X-ray examination revealed a gross tumor mass in 
the left upper abdomen and lower thorax, apparently 
displacing the spleen and kidney down and the 
diaphragm up. The position of the mass was pre- 
dominantly posterior. There was no evidence of 
skeletal involvement. Deep x-ray therapy had been 
given without benefit elsewhere before admission. 
Operation was performed on October 28, 1935 by 
Dr. John Alexander. Removal of a firm tumor which 
was retropleural and attached to the entire upper 
surface of the diaphragm and to the entire antero- 
posterior diameter of the mediastinum except in the 
far anterior portion. Only moderate bleeding oc- 
curred all of which was relatively easy to control. 
Patient withstood the operative procedure well but 
died 1 hour postoperatively of hemorrhage. 

Pathological report, No. 2902 AN: A large encap- 
sulated tumor 17 by 12 by 5 centimeters, weighing 
1150 grams. Smooth surface, lobulated on one side. 
On cut section surface is yellow gray. Microscopic 
diagnosis, ganglioneuroma. 

CasE 2. B. L., No. 472537, a white girl, aged 8 
years, was admitted to the University Hospital on 
January 8, 1941. This patient apparently had no 
symptoms referable to the chest. She was seen else- 
where in December, 1940, with the complaint that 
during the past 4 years the feet had become de- 
formed and interfered with walking. She had a pes 
equinus deformity. In the course of her check-up 
examination a chest x-ray film was made and showed 
a complete opacity of the left hemithorax with dis- 
placement of the heart and mediastinum to the 
right. In the standard films, it was impossible to 
differentiate between a massive tumor and fluid. 
Later grid films showed a well circumscribed, 
encapsulated mass in the posterior portion of the 
left hemithorax. There appeared to be numerous 
flecks of calcium within the mass. At fluoroscopy it 
was felt that the mass contained fluid and a thora- 
centesis was done but no fluid was obtained. Fol- 
lowing the thoracentesis there was a sharp rise in 
temperature to 102 degrees and the pulse rate 
reached 160. Two days later an exploratory thor- 
acotomy was done, and the biopsy material obtained 
revealed a ganglioneuroma. The child was then sent 
to the University Hospital for removal of the tumor. 
The past history was noncontributory except for the 
fact that the child had had measles with a com- 
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plicating pneumonia 2 years previously. She was 
never really well after this, being nervous and 
irritable, and had a poor appetite. The physical 
examination showed only a poorly nourished girl of 
8 years with a pes equinus deformity of both feet. 
No other abnormalities were noted except in the 
chest where the findings were compatible with the 
lesion revealed by the x-ray examination. Routine 
laboratory tests were within normal limits. The 
Kahn test was negative. 

Operation was performed February 14, 1941, by 
Dr. Cameron Haight. The chest was opened through 
the usual posterolateral incision. The tumor mass 
exposed was a very firm one. In the scapular line the 
subjacent tumor was adherent to the parietal pleura 
but in the anterior axillary line a free pleural space 
was present. The anterior portion of the tumor was 
not adherent to the lung which was crowded into the 
anterior portion of the pleural cavity. The sixth 
intercostal nerve entered the capsule. The tumor 
extended from the third rib posteriorly to the 
diaphragm. Deep fingerlike processes of tumor 
extended into the eighth, ninth, and tenth inter- 
costal spaces adjacent to the spine. The mass was 
removed by blunt and sharp dissection and at about 
the time it was removed respirations suddenly 
ceased. Only a limited autopsy was obtainable and 
from this it was impossible to determine if the spinal 
canal had been invaded by the growth. No regional 
metastases were present. Grossly this was a large 
oval-shaped, encapsulated tumor presenting ir- 
regular nodes on the surface and, on section, a 
uniform, waxy and fibrous, yellowish tissue. Its 
weight was 595 grams and it measured 16 by 10 by 
6% centimeters. 

Microscopic examination, pathological report 
No. 4305 AS: The tumor is made up of countless 
large ganglion cells which frequently contain two or 
more nuclei and numerous bundles of peripheral 
nerves lying in a dense connective tissue stroma and 
showing areas of secondary calcification and peri- 
vascular inflammation. Diagnosis, peripheral gan- 
glioneuroma. 


This was a typical ganglioneuroma showing 
a relative amount of immaturity as evidenced 
by the frequent multinucleated ganglion cells 
seen. 


CasE 3. T. O., No. 486332, white schoolboy aged 
Il years, was admitted July 31, 1941. This boy had 
no symptoms either past or present as a result of the 
neoplasm present in his chest. A routine tuberculin 
test at school in May, 1941, was positive and for that 
reason a chest x-ray film was made. This film 
showed the presence of a tumor mass in the left 
hemithorax. On admission, physical examination 
was negative except for the chest. There were 
diminished breath sounds at the left apex, extending 
down to the second anterior rib. There was im- 
paired resonance but normal fremitus over this area. 
No rales were heard. Posteriorly there was dullness, 








690 SURGERY, GYNECOLOGY AND OBSTETRICS 


diminished breath sounds, and whispered voice 
sounds down to the sixth rib. The blood Kahn 
reaction was negative and all routine laboratory 
tests were within normal limits. X-ray examination 
of the chest showed a rounded mass in the upper 
portion of the left hemithorax extending as low as 
the anterior portion of the third interspace. Some 
erosion of the posterior portion of the third rib was 
visualized. Oblique and lateral views showed the 
large mass to lie far posteriorly and adjacent to the 
vertebral column. 

Operation was performed on August 1, 1941, by 
Dr. John Alexander. The approach was postero- 
lateral through the bed of the fourth rib with re- 
section of about 6 centimeters of the third rib. A 
slightly soft and completely encapsulated neoplasm 
was found in the costovertebral gutter extending 
from below the dome of the pleural cavity to the 
level of the fifth posterior intercostal space. After 
dividing the parietal pleura around the base of the 
tumor, it was readily removed by blunt dissection, 
the removal including a lobulation which projected 
into the mediastinum. The pedicle of the tumor 
appeared to be at the level of the third intravertebral 
foramen and the third and fourth transverse proc- 
esses were removed to expose this foramen. The 
tumor was seen to traverse this foramen, which was 
larger than normal. Portions of the lamina were 
removed and at a depth of 1.5 centimeters in the 
foramen, the tumor was seen to taper off to a point 
and was removed completely. Recovery was un- 
eventful and the patient left the hospital on the 
sixteenth postoperative day. He has remained 
entirely well to date. 

Pathological report, No. 666 AT. Microscopically 
routine hematoxalin and eosin stained slides show a 
stroma having the appearance of a neurofibroma and 
containing large numbers of typical ganglion cells. 
Diagnosis, ganglionated neurofibroma. 


This was another case of a rather large 
tumor which was symptomless and discovered 
only accidentally. It was almost a dumbbell 
type, extending for a short distance into the 
intervertebral foramen. 


Case 4. K. T., No. 536736, white boy aged 13 
years, was admitted December 5, 1943. This patient 
had no chest symptoms. A short time before this 
admission he had had a fall and x-ray films of his 
shoulder were made. These revealed an intra- 
thoracic neoplasm and he was referred to the Uni- 
versity Hospital for its removal. The rest of the 
history is noncontributory except for the presence of 
a long standing and very extensive eczema. Physical 
examination showed very little. There were some 
palpable enlarged lymph nodes in the neck and both 
axillae. A diffuse dry, scaly eczema was noted over 
the greater part of the body and extremities. There 
were dullness to percussion and diminished breath 
sounds over the upper left chest both anteriorly and 
posteriorly. The rest of the examination was nega- 


tive. The blood Kahn reaction was negative and 
other routine laboratory examinations were within 
normal limits. X-ray examination of the chest 
revealed a fairly extensive homogeneous obscuration 
of the upper portion of the left hemithorax, more 
marked in its median aspect. Films of the dorsal 
spine revealed extensive erosion of the upper dorsal 
vertebral bodies. The erosion began at the level of 
second dorsal vertebra and extended downwards 
as far as the sixth dorsal vertebra. The left lateral 
and posterior aspects of the vertebral bodies were 
involved and the’ abnormality was in the form of 
scalloping of the margins of these bodies. There 
appeared to be associated widening of the antero- 
posterior diameter of the spinal canal in the region 
of the vertebral erosion and there was also associated 
erosion of the vertebral and posterior portions of the 
third, fourth, and fifth ribs. 

Operation was performed December 10, 1943, by 
Dr. John Alexander. A posterior approach was used 
with the incision extending from the second rib over 
the sacrospinalis muscle downward to the seventh 
rib and laterally beyond the inferior angle of the 
scapula. On the posterior surface of the sacrospinalis 
muscle from the level of the third to the fifth pos- 
terior ribs, a neurofibromatous lesion was visible. 
This lesion in the muscle was completely removed, 
together with the adjacent muscle tissue. This had a 
vertical length of approximately 4 centimeters and a 
horizontal width of approximately 2 centimeters. 
This was later seen to have arisen from the main 
tumor mass at the level of the extreme posterior 
third intercostal space. It was necessary to remove, 
subperiosteally, the posterior 10 centimeters of the 
fourth, fifth, and sixth ribs. Also the head and neck 
of the fourth rib were removed so as to give maxi- 
mum exposure of the third and fourth intervertebral 
foramen where the tumor tissue was applied snugly 
to the foramen. The tumor appeared to be attached 
to the third, fourth, fifth, and sixth intercostal 
nerves at their emergence from the intervertebral 
foramens. By blunt and sharp dissection, the tumor 
was finally removed from its bed. Usual closure 
without drainage. The postoperative period was 
rather stormy and a left-sided empyema had to be 
drained on the fifteenth day. The ultimate re- 
covery was complete, however, and the present 
condition is excellent 

Pathological report No. 2465-AV. Hematoxalin 
and eosin stain. Sections show large fragments of a 
neurofibroma. Some of the stroma is edematous and 
much of it shows early hyaline change. In one sec- 
tion numerous ganglion cells are scattered through 
the neurofibromatous elements. There was no 
invasion of the attached muscle and bone fragments. 
Diagnosis, ganglionated neurofibroma. 

CasE 5. I. S, No. 551085, white male, aged 39 
years, was admitted to the University Hospital July 
6, 1944. The chief complaint was extreme dyspnea. 
In March, 1944, he began to have pain in the right 
chest which persisted to date. In addition there 
were cough and fever, the temperature rising to 103 
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degrees. Cough was productive and the sputum was 
streaked with bright red blood. The fever lasted for 
2 weeks and then returned to normal. The condition 
was diagnosed as pneumonia. Although the other 
symptoms subsided, the pain remained and an x-ray 
examination of the chest was made. It revealed a 
“tumor of the right lung.” Eleven deep x-ray ther- 
apy treatments were given without effect. The pain 
gradually became more severe. It was both dull and 
sharp. Worse in the right chest, it radiated at times 
to the right arm. The amount of sputum increased 
until it totaled about one-half cupful a day. It was 
purulent but not foul. For the week before ad- 
mission there had been some edema of the feet and 
ankles. Because of the pain and dyspnea, the 
patient could not lie down. On admission he was in 
extreme dyspnea and mildly cyanotic. During the 4 
days before operation, he was kept constantly on 
intranasal oxygen. The Kahn reaction was negative 
and all routine laboratory procedures were within 
normal limits. 

Operation was performed by Dr. John Alexander 
on July 10, 1944. When the chest was opened a large 
tumor was found filling the upper half of the right 
hemithorax. Its size was estimated as about 12 by 
12 by 12 centimeters. The right lung was displaced 
downward and the upper mediastinum to the left. 
The tumor was “frozen” to the mediastinum and to 
the spine. Removal was impossible. It was im- 
possible to determine whether the mass was merely 
“frozen’’ to the mediastinum and spine or whether it 
was infiltrating these structures. The inside of the 
tumor was completely degenerated. The degen- 
erated inner portion of the mass was evacuated and 
about 52 per cent of the wall was removed in order to 
relieve the pressure on the trachea and great vessels 
of the upper mediastinum. Dyspnea was greatly 
improved. Recovery was uneventful, there being 
one thoracentesis for the removal of a few hundred 
cubic centimeters of fluid. He was discharged on the 
thirteenth postoperative day. The subsequent 
course was downhill and death was reported to have 
occurred within a few months. There was no au- 
topsy. 

Pathological diagnosis No. 100 AW. Sympatho- 
blastoma. 

CasE 6. J. L. N., No. 562795, white schoolboy, 
aged 16 years had neoplasm producing no symptoms. 
The tumor was discovered when a chest x-ray film 
was taken at school in a routine tuberculosis survey. 
He was then referred to the University for surgical 
treatment. The past history was noncontributory. 
The physical examination was negative except for 
the chest. Posteriorly there was increasing dullness to 
flatness from the second rib down to the seventh. 
Decreased breath sounds over this same area. The 
blood Kahn reaction was negative and all routine 
laboratory tests were within normal limits. X-ray 
examination showed a large mass which was fairly 
smoothly rounded anteriorly and which lay in the 
posterior portion of the left hemithorax and extended 
from the level of the third or fourth dorsal vertebra 


as far down as the tenth dorsal vertebra. This mass 
was of homogeneous density and in lateral view it 
was seen to lie far posteriorly. There was consider- 
able bony architectural change. This consisted of 
abnormality of the structural character of the 
fourth, fifth, and sixth vertebrae. There was sug- 
gestive evidence of widening of the neural canal 
between fifth and sixth dorsal vertebrae and definite 
abnormality of the left sixth and seventh ribs pos- 
teriorly. There was what appeared to be loss of 
vertical height of the sixth dorsal vertebra in the 
anteroposterior view, and in the lateral view there 
appeared to be some loss in vertical height of fifth 
dorsal vertebra and possibly also of the seventh. In 
addition, the intervertebral disc space between the 
fifth and sixth dorsal vertebrae was not easily 
identified and the pedicle on the left of the fifth 
dorsal vertebra appeared to be absent. In part, the 
changes appeared to be due to erosion, probably due 
to pressure, and in part they may be due to con- 
genital malformation. The changes did not suggest 
invasion of the vertebra by neoplasm. 

Operation was performed by Dr. Cameron Haight 
on February 10, 1945. The approach to the tumor 
was posterolateral through the bed of the resected 
fifth rib. The large tumor mass was partially adher- 
ent to the parietal pleura and it occupied the pos- 
terior half of the chest at the level of the resected rib. 
The lung was crowded forward by the tumor. The 
tumor was of a firm consistency and had a yellow 
color. On its surface were scattered areas of organ- 
ized fibrin. The tumor was removed by blunt and 
sharp dissection. During its removal it was seen that 
the sympathetic chain and the fifth and sixth inter- 
costal nerves were all either incorporated in, or 
attached to, the mass. They were removed with the 
mass. After the removal of the tumor it was seen 
that a nodule projecting from the surface of the 
tumor had caused an erosion of the fifth interverte- 
bral foramen and had exposed the epidural veins 
over an area of about 1.5 centimeters. Recovery was 
uneventful and the patient left the hospital on the 
thirteenth postoperative day. 

Pathological report, No. 3853 AW. The specimen 
consisted of a grapefruit sized, well encapsulated 
mass which on section had a firm, whitish appear- 
ance. Microscopic, a large neurofibroma with a few 
ganglion cells. Diagnosis, ganglionated neuro- 
fibroma. 

CasE 7. D.S., No. 564033, was admitted February 
14, 1945. This 2 year old boy was seen first in the 
Department of Pediatrics. He had been in per- 
fectly normal health until 4 weeks before admission, 
at which time the mother noticed that he dragged his 
left leg. Soon afterward he began dragging his right 
leg also and then ceased to walk entirely. This 
condition progressed rather rapidly until he soon 
was unable to sit up but he complained of no pain. 
The mother noticed, however, that there was in- 
creased irritability. There was no incontinence of 
urine or feces. Two weeks before admission he was 
seen elsewhere and a diagnosis of spinal cord tumor 
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was made. He was then referred to the University 
Hospital for treatment. Physical examination re- 
vealed a well developed white boy who did not 
appear acutely ill but who was unable to walk or sit 
up. All findings, including funduscopic examination 
of the eyes, were negative except the following: 
Extremities showed bilateral paralysis of the legs. 
The patella reflexes were greatly hyperactive. The 
right leg offered some resistance when bent. The 
ankles were quite stiff. The left leg responded 
markedly when the Babinski test was tried. The 
right responded with spreading of all toes on trial of 
the same test. There was no diminution of pain 
sense. The blood Kahn test was negative-as was the 
tuberculin test. All other routine laboratory exami- 
nations showed results within normal limits. X-ray 
examination of the chest revealed a huge, solitary, 
well defined tumor occupying the left upper chest 
with displacement of the mediastinum to the right. 
Finely dispersed calcification was present through- 
out the mass. Detail films of the spine showed no 
abnormality. 

A lumbar puncture was done on the day aiter 
admission and bloody spinal fluid was obtained. 
There was evidence of a partial block. 

The child was seen in consultation by the depart- 
ments of neurology, neurosurgery, and thoracic 
surgery. It was agreed that the first attack should be 
directed toward removal of the spinal cord pressure, 
after which, removal of the intrathoracic portion of 
the mass would be attempted. The child seemed to 
remain perfectly well until February 26 at which 
time he developed a cough and evidence of an acute 
bronchitis. In spite of vigorous treatment he de- 
veloped increasing respiratory difficulty and died 
on February 27. 

Autopsy report. Only the pertinent facts pertain- 
ing to the neoplasm will be recorded here. All other 
findings were essentially normal and no evidence of 
metastases was found. “In the left pleural cavity is 
a neoplasm measuring 10 centimeters in diameter. 
It is round. There are numerous widely dilated 
blood vessels coursing over the surface of this neo- 
plasm. The surface is a dull reddish-purple in color 
and glistening. It is firmly attached at the upper 
pole to the apex of the left pleural cavity by firm 
fibrous adhesions. It somewhat compresses the left 
subclavian artery which courses over its superior 
surface. There are several pale, white, oval bodies 
attached to the superior surface which appear to be 
lymph nodes infiltrated by neoplasm. Posteriorly 
the neoplasm is attached by fibrous adhesions to the 
second, third, and fourth ribs and so firmly at the 
root of the second and third that portions of these 
ribs were removed in order to facilitate removal of 
the neoplasm. Medially it is attached to the first, 
second, third, and fourth dorsal vertebrae, again by 
firm fibrous adhesions. These vertebral bodies were 
removed with the tumor and, although the tumor 
was perfectly encapsulated in other areas, it appears 
to have invaded the spinal canal at the level of the 
second and third spinal foramina, extending along 
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the spinal canal for a distance of about 5 centi- 
meters and forming a mass within the canal ap- 
proximately 1.5 by 1 centimeter in diameter, which 
somewhat compresses the cord, although it does not 
appear to have infiltrated it. On cut section of the 
tumor, the cut surface is a dull white in color and is 
moderately firm. There is a medial area which 
appears somewhat whorled, is firm in consistency 
and is a grayish-white in color.” Weight 180 grams. 

Microscopic examination revealed many con- 
nective tissue fibers showing whorled areas, nu- 
merous scattered ganglion cells, areas of calcification. 
The portion which invaded the spinal canal has a 
similar appearance. The nodules on the superior 
surface of the tumor are similar to the neoplasm, 
with no evidence that they arose in lymph nodes. 
Diagnosis, ganglionated neurofibroma. 


This case appears to have been a rather 
rapidly growing ganglioneuroma of the dumb- 
bell type causing paralysis and then death 
from spinal cord pressure. 
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PILONIDAL CYST 


Analysis of 100 Consecutive Cases, Emphasizing Treatment by Radical 


Excision, Primary Closure and Penicillin Therapy 


LEO C. LARKIN, M.D., Lieutenant Commander, M.C., U.S.N.R., Oak Park, Illinois 


T is the purpose of this paper to present 

a series of 100 consecutive cases of 

patients with pilonidal cyst (sacrococcy- 

geal cyst teratoma, U. S. Navy nomen- 

clature), operated upon by the author between 

January 15, 1945, and July 30, 1945. A new, 

previously unreported, method of treatment 

has been used with results that are believed to 
be unusual. 

Eighty-seven of these patients were opera- 
ted upon by a technique of radical dissection 
and primary closure, to be described, and the 
plentiful use of intramuscular penicillin ther- 
apy. In 75 cases, healing occurred per primam 
by the 7th postoperative day. The series in- 
cludes 34 patients with recurrences who had 
previously been operated upon elsewhere and 
66 patients who had not been operated upon 
prior to admission to this proctology service. 
Of this latter subgroup, which proved most 
amenable to radical excision and primary clo- 
sure, in 60 cases out of 66, or 90.9 per cent, 
healing was firm by the 7th postoperative day. 

The technique employed consists of four 
principal features: 

1. Careful preoperative preparation and the 
routine use of preoperative and postoperative 
penicillin therapy. 

2. Excision of a minimum strip of skin, 
sufficient only to include the ostia of the cyst, 
undermining of the skin, removal of the cyst 
en bloc, and the radical excision of the sur- 
rounding fat thus exposing the sacrococcygeal 
fascia and the gluteal fascia bilaterally, to 
assure removal of all cystic tissue. 

* 3. Accurate reapposition of the skin and 
use of wire, through-and-through sutures in- 
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serted to the outer limits of the wound and 
underneath the sacrococcygeal fascia. The 
latter sutures are twisted over rolled gauze 
dressings and sponge rubber thoroughly to 
obliterate dead space. 

4. Avoidance of the use of any drain or per- 
manent suture in the wound and the removal 
of all sutures on the 7th postoperative day, 
leaving no foreign body in the wound, thus 
allowing for a minimum of scar tissue and the 
restoration of the normal intergluteal fold, 
without skin tension. 

For the sake of presentation and review of 
cases, the series is divided into three sub- 
groups, the criterion for which was, on admis- 
sion and at operation, the feasibility of pri- 
mary closure in each case, as determined by 
the condition of the skin overlying the cyst. 
That is, whether it was intact except for the 
embryologic ostia (Subgroup 1), scarred by 
previous operative procedures and containing 
artificial ostia but not unduly sacrificed (Sub- 
group 2), or markedly depleted, scarred, and 
stretched by previous block excision (Sub- 
group 3). 

In Subgroup 1, consisting of all the patients 
(66) who had not been previously operated 
upon, and who were treated by primary clo- 
sure, healing per primam occurred in 60 cases, 
or 90.9 per cent. In Subgroup 2, consisting of 
21 patients who, though previously operated 
upon, appeared amenable to primary closure, 
successful primary healing was obtained in 15 
cases or 71 per cent. Subgroup 3 consisted of 
13 patients who had been previously operated 
upon elsewhere two or more times. In these 
patients, primary closure was not attempted 
because of the marked loss of skin and scarring 
present. Partial closure was carried out, as 
will be described, in an attempt to cut down 
the disability time to a minimum. 
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LARKIN: PILONIDAL CYST 


The surgical treatment of pilonidal disease 

y primary closure has always presented well 
<nown problems, the most important of which 
are infection, which frequently nullifies the 
results after the best of surgical techniques, 
and the mechanical problem of closure of the 
wound without tension after thorough exci- 
sion of the cyst and obliteration of the dead 
space. The sacrococcygeal area is readily 
contaminated before and after surgery be- 
cause of the proximity of the anus and the 
tendency for the skin to be moist by perspira- 
tion. The skin over the sacrococcygeal area is 
readily traumatized and is stretched in sit- 
ting. These factors make any postoperative 
wound vulnerable long after healing has taken 
place (27), and make it imperative that sound 
healing be obtained by complete obliteration 
of dead space, by the avoidance of the use of 
permanent sutures which act as foreign bodies, 
and by use of a technique which does not 
sacrifice the vitally needed skin overlying this 
area. 

The needless sacrifice of skin over this 
area attendant upon block dissections which 
include the skin and its ultimate replacement 
in healing by inelastic scar are at least as great 
a cause of recurrence due to faulty healing as 
is the failure to obliterate dead space (22-28). 





Fig. 2. Fig. 3. 


It is an unfortunate fact that when elliptical 
incisions are made on either side of the inter- 
gluteal fold, the maximum loss of skin occurs 
where it is most needed in the primary closure 
of the wound—in the widest diameter over- 
lying the glutea. When primary closures are 
attempted after elliptical excision of the skin, 
a flattening of the intergluteal fold results— 
producing a painful scar that is constantly 
stretched and traumatized (27) when the 
patient assumes the sitting position. 

The technique herein presented deals with 
the problem of infection by adequate pre- 





Fig. 4. Fig. 5. 
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Fig. 6. 


operative preparation, atraumatic surgery, 
and the unstinting use of penicillin therapy. 
The second problem, that of closing dead 
space, avoiding the loss of skin, and main- 
taining the normal intergluteal fold, is met by 
the following expedients: 

1. The avoidance of the use of permanent 
sutures in the wound that may later set up 
foreign body reaction. 

2. The closure of the dead space, accom- 
plished by the use of multiple, deeply placed 
wire through-and-through sutures that encom- 
pass the wound and include the sacrococcygeal 
fascia. These are later tied over gauze rolls 
and sponge rubber to compress the wound and 
reappose the skin and subcutaneous tissues to 
the sacrococcygeal fascia. This dressing is 
then reinforced with an adhesive tape dress- 
ing, so applied as further to facilitate the re- 
apposition of skin and fascia and to remove 
any tension from the sutures. 

3. The scrupulous avoidance of needless 
sacrifice of uninvolved skin by removing, in 
the initial incisions, only a thin strip of skin 
sufficient to include the ostia of the cyst, 
whether embryologic or artificial, and any 
scar tissue present, resulting from previous 
incision and drainage, or from more extensive 
procedures. 

PREOPERATIVE PREPARATION 

All patients, on admission, are routinely 
given sitz baths three times daily and instruc- 
ted to cleanse the sacral area thoroughly with 
soap and water. Cevitamic acid, 1oo milli- 
grams daily, is given by mouth. All patients 


Fig. 7. 


are given penicillin therapy from the day of 
admission—whether the condition of the cyst 
is quiescent, infected, with or without drain- 
ing sinuses or abscessed. Penicillin, 15,000 
units, is given intramuscularly every 3 hours. 

When abscesses exist or inadequately drain- 
ing sinuses are present, preliminary incision 
and drainage are done with local 1 per cent 
procaine anesthesia. The incision for drainage 
is linear and made as close to the midline as 
possible to obviate later difficulties in securing 
intact skin flaps when complete excision of the 
cyst is done. Hair and other loose detritus 
must be removed to assure cessation of infec- 
tion and drainage (1-28). No patient is ready 
for radical excision procedure until infection 
and induration have been thoroughly resolved 
by sitz baths, adequate drainage, penicillin, 
and daily sterile dressings. 

The night before surgery, the sacrococcygeal 
area is carefully shaved. The patient receives 
two enemas, one of warm water and one of 
glycerine and water. A third warm water 
enema is given in the morning 2 hours before 
operation. Morphine sulfate, % grain, and 
scopolamine ;:;, are administered 1 hour prior 
to operation. At the time of operation the 
operative field is again carefully scrubbed with 
sterile green soap and water. 


OPERATIVE PROCEDURE 


The technique for this primary closur 
emphasizes the following points: 

1. Spinal anesthesia (4) is used. 

2. Excision of but a narrow strip of skin i: 
done in the midline, often no wider than % 
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Fig. 8. 


nch, to include the ostia of the cyst and scars 
‘rom previous incision and drainage proce- 
dures (Fig. 1). The skin is cleanly and accur- 
ately incised at right angles to facilitate 
neticulous approximation in the closure. 

3. Block dissection of the cyst is accom- 
plished down to and exposing the sacrococcy- 
geal fascia in its entirety (Fig. 2). The skin 
edges are then undermined with the scalpel 
blade partially on the flat, the lateral fatty 
tissue divided and the subcutaneous tissue and 
a small amount of fat left attached to the flaps 
(Fig. 3). The triangular strip of fatty tissue 
remaining on the gluteal fascia is then removed 
with scissors (Fig. 4), thereby leaving the 
sacrococcygeal fascia and the gluteal fascia 
denuded bilaterally (Fig. 5). Care is exercised 
throughout to avoid traumatizing the skin 
flaps or other tissues. 

4. Thorough hemostasis is accomplished by 
the use of plain No. ooo catgut transfixion liga- 
tures, electrocoagulation wherever possible, 
and frequent copious irrigations of the wound 
with hot sterile saline solution. 

5. Débridement of the wound is then done 
by carefully excising all loose tags of fat or 
fascia and floating out small clots and fat 
globules with further irrigations of hot saline 
solution. 

6. A sufficient number (usually 8 or 10) 
No. 30 stainless steel through-and-through 
sutures are placed, % inch apart, through the 
skin under the gluteal fascia and under the 
sacrococcygeal fascia (Fig. 6a and 6b), to be 
used to exert moderate pressure in closing 
dead space. Several may be required close 
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Fig. 10. 


together at the distal end of the wound to 
assure closure of dead space here—especially 
if the skin incision required extension beyond 
the tip of the coccyx. The lowermost deep 
suture may pass through the bone itself if 
necessary, to anchor the suture firmly in the 
depth of the wound. 

7. The skin is then accurately reapposed 
with No. 30 stainless steel wire vertical mat- 
tress sutures (Fig. 7a and 7b). 

8. After closure of the skin, a thumb forceps 
is inserted through the upper end of the wound 
and any serum or blood is evacuated by ex- 
erting moderate pressure with gauze pads 
from below upward (Fig. 8). At this point, 
following accurate reapposition of the wound, 
the skin and its subcutaneous tissues will 
remain apposed to the sacrococcygeal fascia 
by atmospheric pressure alone restoring the 
intergluteal fold (Fig. 9). If, however, a 
slight tendency to “sucking” occurs, it does 
not indicate that tension is present and appo- 
sition will nonetheless be accomplished when 
the lateral wires are secured over the gauze 
dressing. 

9. Loosely rolled gauze dressings are then 
carefully placed next to the suture line and 
over the wound to keep the tissues apposed to 
the sacrococcygeal fascia. A section of sponge 
rubber 1 by 2 by 4 inches is incorporated into 
the dressing and some manual pressure is 
maintained throughout. The through-and- 
through wires previously placed are then 
twisted over the whole dressing, beginning 
from below upward (Fig. 10a and 1ob). Care 
must be exercised to avoid tightening the 
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wires too much. The elasticity of the dressing 
itself maintains moderate pressure. 

10. Adhesive tape is then applied to the 
area in such a manner as further to relieve 
any tendency to tension on the sutures when 
the patient moves about in bed postopera- 
tively (Fig. 11). 

11. All sutures are removed on the 7th post- 
operative day, leaving no permanent foreign 
body in the wound (Fig. 12). 

POSTOPERATIVE CARE 

Following surgery, the patients are kept at 
absolute bed rest on the abdomen or on either 
side for a period of 7 days. The penicillin in 
doses of 15,000 units every 3 hours intramus- 
cularly is continued until the 8th postopera- 
tive day. The cevitamic acid is likewise 
continued at 100 milligrams daily by mouth. 
A low residue, high vitamin diet is prescribed 


and evacuation of the bowel is discouraged 
until after the sutures are removed. These 
patients get along surprisingly well and in 
only 2 instances, when diarrhea was present, 
was evacuation necessary before 7 days. For- 
tunately, infection did not develop in either 
case. There was no appreciable postoperative 
pain and no necessity for morphine, though 
1% grains of nembutal was prescribed for 
nocturnal restlessness. 

After the 7th day, when the sutures have 
been removed, an enema is given and the 
patient is allowed toilet and shower privileges. 
They are cautioned against sitting, or undue 
exertion for a few days to avoid putting stress 
on the recently healed wound. 

In treating the type of case described in 
Subgroup 3, that is, patients with recurrences 
who had been operated upon two or more 
times elsewhere and in whom there was an 
excessive amount of scarring and loss of skin 
as evidenced by the flattening of the inter- 
gluteal folds, the primary closure described 
was not considered feasible, nor was it intended 
for those large postoperative scar defects. 

It will be agreed, that the surgical problem 
encountered in such cases was something more 
than that of the treatment of pilonidal cyst 
alone. Even after the most conservative treat- 
ment at operation, when the scar tissue was 
excised these wounds gaped widely, as might 
be expected, so that some form of partial clo- 
sure was necessary to cover the defect if the 
prolonged healing time and wide delicate scars 
associated with healing by secondary inten- 
tion (27) were to be avoided. 
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The preoperative care and the operative 
procedure followed were identical with those 
described for the primary closure operation, 
except that reapposition of the lateral skin flaps 
after excision of the scar tissue and granula- 
tion tissue pockets was not possible nor con- 
templated. 

Accordingly, the lateral skin flaps were 
freed and an adaptation of the horizontal mat- 
tress suture, suggested by Captain Harry R. 
Huston, M.C., U.S.N.R., Chief of Surgical 
Services at this hospital, was used, effecting 
the partial closure of the defects by the expe- 
dient of securing the skin edges to the sacro- 
coccygeal fascia. This was done by the use of 
4 to 6 horizontal, figure of eight, No. 30 stain- 
less steel wire mattress sutures that included 
the skin edges and the sacrococcygeal fascia. 

Sections of small gauge rubber tubing were 
threaded on the wire sutures where they per- 
forated the skin edges. The skin was then 
drawn down to the sacrococcygeal fascia with 
as little tension as possible, and a greater or 
lesser gap left between the skin edges accord- 
ing to the amount of skin available to cover 
the defect. In 6 of these cases, the skin could 
be brought together with only a very narrow, 
\% inch defect. Accurate reapposition of the 
skin edges was not possible with this method, 
nor was it sought, because of the drainage 
required after excision of these scar tissue 
cavities. 

The sutures were removed on the 7th post- 
operative day, by which time some pressure 
necrosis had occurred under the rubber of each 
suture. The skin remained attached to the 
fascia, however, and the center of the wounds 
healed by granulation tissue. These patients 
were kept at bed rest. Penicillin therapy, 
15,000 units every 3 hours, was continued for 
10 to 12 days after operation. The wounds 
were irrigated daily with azochloramide solu- 
tion, 1:5000 and probed daily with a sterile 
cotton applicator to break down pocketing. 
A small dressing was then inserted and satur- 
ated with a solution containing 33 milligrams 
of tyrothricin per 100 cubic centimeters of 
sterile distilled water. 


REVIEW OF CASES 


Subgroup 1. In the 66 patients (Subgroup 1) 
who had not been previously operated upon, 
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20 were free of gross infection at the time of 
admission, although all patients gave a history 
of previous exacerbations of swelling and ten- 
derness over the cyst area. In 46 cases infec- 
tion was present upon admission. Seventeen 
of these 46 patients had abscesses which 
required preliminary incision and drainage 
prior to operation for radical excision. In 15 
other cases of infection acute inflammation 
was present on admission but there was ade- 
quate drainage through the embryologic ostia. 
The inflammation subsided after the patient 
received hot sitz baths and penicillin therapy. 
In the remaining 14 cases infection was present 
as evidenced by purulent secretion expressable 
from the ostia, but there was no surrounding 
inflammation or induration. In these latter 
cases the infection also responded to sitz baths 
and penicillin therapy. 

Incision and drainage of the abscesses were 
carried out with 1 per cent procaine solution 
local anesthesia. An average of 4 hospital 
days elapsed before radical operation was per- 
formed in these cases. 

As might be expected, the locations of the 
secondary ostia and many of the scars from 
previous incision and drainage procedures 
were not conveniently located in the midline. 
Many of the skin incisions later made at oper- 
ation for radical removal were necessarily 
somewhat curved or irregular in shape in 
order to remove both scars and sinus openings 
in the sections of skin removed. The narrow 
strip of thin skin in the very center of the 
intergluteal fold was always included in the 
excision, however, because it is here that the 
embryologic ostia are situated. In several 
instances the secondary ostia of these cysts 
were located an inch and a half or more to 
either side of the midline and directly lateral 
to embryologic ostia in the intergluteal fold. 
Vertical, curved incisions that would circum- 
vent both of these openings would necessarily 
include an excessive amount of normal skin. 
In such cases, the usual strip of skin was re- 
moved in the midline and small horizontal 
elliptical incisions were made on either side of 
the scarred secondary ostia. These openings 
were thus buttonholed, the ostia with the 
small elliptical area of skin attached, being 
removed with the cyst as it was dissected en 
bloc. 
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In 4 instances, sinuses extended to the 
perianal area where the tracts were palpable 
in the fat of the ischiorectal fossa. One sinus 
tract traversed the right ischioanal space 
about 2 centimeters lateral to the anal verge 
and opened in the perineum to the right of the 
urethra. There was one inverted Y shaped 
sinus tract, the two limbs of which flanked the 
anus where an ostium was present overlying 
each ischiorectal fossa. The tracts in all cases 
were readily palpable. 

In the differential diagnosis from fistula in 
ano (2, 12, 15), the tracts were palpable and 
found not to curve toward the anal canal but 
were traced directly to the cysts. Probes were 
readily introduced to trace the course of the 
tracts. Careful proctoscopic examinations 
were done, and the crypts were explored with 
a crypt hook for possible primary ostia of 
fistula in ano. 

At operation, these sinus tracts were incised 
over a grooved director and traced to the cyst. 
They were then completely excised and the 
wounds closed as a continuation of the main 
cyst wound. The deep wire sutures traversed 
the depths of the wounds in the fat of the 
ischiorectal fossae. The skin was closed in the 
usual manner as a continuation of the main 
cyst wound, and the tension sutures tied over 
rolled gauze dressings. 

In 60 of these cases the wounds were cleanly 
healed on the 7th postoperative day without 
pocketing, hematoma, or other complication. 
Failure in the remaining 6 cases occurred as 
follows: Three patients developed some pres- 
sure necrosis attendant upon the application 
of excessive pressure when the wires over the 
dressing were tightened. These patients com- 
plained of pain of a throbbing character, 
which is indicative of this mistake. Areas of 
pressure necrosis 2!4 centimeters in diameter 
occurred on each side of the wounds where the 
compression sutures entered the skin. These 
required 15, 17, and 18 days to heal. In 1 case 
a hematoma developed beneath the scar (2,22) 
making it necessary to open the overlying 
skin. In this case healing was complete in 30 
days. In 2 cases frank abscesses beneath the 
skin developed which required opening of the 
wounds. These were probed with cotton 
applicators to break down pocketing, irrigated 


with sterile saline solution, and packed with 
small gauze dressings containing a solution of 
tyrothricin, 33 milligrams per 100 cubic centi- 
meters of sterile distilled water. The intra- 
muscular penicillin was continued in all of 
these cases, for 7 additional days in the first 3 
and 15 days in the other 3. The tyrothricin 
solution was added to the dressing every 3 
hours and dressings changed daily. In the 
abscessed patients, the wounds were not 
allowed to gape but the skin edges were kept 
toward the midline by the use of large adhe- 
sive tape bridges. The dressings were applied 
under the bridges. The average healing time 
in these 66 cases was 8.7 days. 

Subgroup 2. The 21 patients with recurrent 
pilonidal cyst comprising Subgroup 2 had been 
operated upon elsewhere prior to their admis- 
sion and infection was present in all cases 
though there were no abscesses. Thirteen of 
them had been operated upon two or more 
times (in 2 instances, 3 operations), but it was 
impossible to determine what method or meth- 
ods had been used. The common denomin- 
ator in this subgroup that made them appear 
to be amenable to primary closure was the 
presence of seemingly adequate healthy skin 
which had not been unduly sacrificed in the 
previous surgical procedures. 

At operation, in 3 of the patients who had 
been operated upon once, grossly appearing 
cystic tissue was present. All of the remaining 
cases were found to be “recurrent” because of 
faulty healing and the presence of chronic 
granulation tissue pockets (22, 28) and infec- 
ted scar tissue. 

All of these patients were treated as in group 
1: by primary closure after radical excision of 
scar tissue and granulation tissue pockets. In 
15 of these 21 cases healing per primam oc- 
curred in 7 days. There were 6 failures, the long- 
est healing time of which was 40 days and the 
shortest 20 days. In 1 of these 6 cases there 
had been severe infection upon admission, 
considerable pocketing and scarring, and 3 
draining ostia 2 centimeters from the right of 
the midline. In this case, dead space was not 
completely dealt with at operation or the 
lateral skin flaps were too long. There was 
pocketing under the skin when the sutures 
were removed and bloody purulent materia! 
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was present. The wound was partially laid 
open and redressed daily. A sterile dressing 
was placed in the wound and saturated with 
tyrothricin solution, 33 milligrams per 100 
cubic centimeters of distilled water. The 
tyrothricin was added to the dressing every 3 
hours. Large adhesive tape bridges prevented 
the wound from gaping and the dressings were 
applied under the bridges. In 2 cases small 
hematomas developed which were evacuated 
on the 7th day when the stitches were removed. 
Fortunately, they occupied only a portion of 
the wound and the recently healed incisions 
overlying the hematomas were only partially 
separated. Here again tyrothricin was used 
locally in the manner described. In the re- 
maining 3 patients, although firm healing 
took place otherwise, small unhealed areas of 
granulations developed where the skin was 
reapposed. Until these areas were thoroughly 
dry, the wounds could not be classified as 
healed. e 

In these cases Carnoy’s solution was applied 
and curettement of the excess gfanulations 
carried out after which a small -pledget of 
tyrothricin soaked cotton or gauze was applied 
and secured by adhesive tape. Covering the 
wet dressings with waxed paper prevented 
rapid evaporation in the dressing. The first 3 
failures were kept on intramuscular penicillin 
for 10 additional days, making a total of 20 
days per case. The latter 3 patients did not 
require additional penicillin therapy. The 
average healing time in this subgroup was 12.6 
days. 

Subgroup 3. These 13 patients admitted 
with recurrences of pilonidal cyst had all been 
operated upon elsewhere two or more times. 
Upon admission, each of these patients was 
found to have persistent sinuses, marked 
scarring, and an excessive amount of skin loss 
over the sacrococcygeal area from previous 
operative procedures. 

At operation, the sinus tracts were found to 
be granulation tissue pockets due to faulty 
healing rather than to residual cystic tissue. 
In appraising these patients for further sur- 
gery, primary closure was not considered 
feasible. The preoperative care and the opera- 
tive procedure used were for the most part 
identical with that described for primary clo- 
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sure, including removal of all scar tissue and 
the lateral triangles of fatty tissue overlying 
the glutea. A partial closure was then done by 
the use of horizontal mattress sutures through 
the skin and sacrococcygeal fascia. The su- 
tures were removed on the 7th postoperative 
day and the wounds were irrigated with 1/5000 
azochloramide solution. Daily dressings were 
done and frequent explorations of the wounds 
were made with sterile cotton applicators to 
prevent bridging and pocketing. Slowly heal- 
ing granulations were treated with Carnoy’s 
solution and curettement. Five of the later 
patients were treated locally by dressings 
saturated in tyrothricin solution, 33 milli- 
grams per 100 cubic centimeters of sterile 
distilled water. Penicillin in 15,000 unit doses, 
every 3 hours, intramuscularly, was given 
without interruption for an average of 18 days. 
The shortest period of time of healing and of 
penicillin therapy was 12 days (5 cases) and 
the longest period was 45 days (2 cases). The 
average healing time was 26.5 days. This is 
not the method of choice for the treatment of 
patients with pilonidal cysts not previously 
operated upon but it is a necessary and valu- 
able expedient in some cases in the handling of 
some recurrences in which primary closure 
cannot be accomplished. 


DISCUSSION AND CONCLUSIONS 


David, Gage, Kooistra, and others have 
long advocated primary closure in dealing 
with pilonidal cyst before the advent of peni- 
cillin and tyrothricin and have presented sub- 
stantiating evidence favoring the rapid healing 
and smaller scars attendant upon this method 
of treatment. Brezin pointed out that such 
scars are more resistant to trauma. 

Tendler, Kleckner, MacFee, Theis and 
Rusher, and others are agreed that complete 
excision is essential for cure and that open 
pack methods of treatment result in prolonged 
healing and wide delicate scars. That primary 
skin closures prevent subcutaneous drainage 
and cause subcutaneous hematomas or serum 
collections which become infected and result 
in sinus formation (2, 22, 28) was not borne 
out by this series of cases. These complica- 
tions are largely obviated in the described 
technique by transfixion ligature of all bleed- 
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ing points, penicillin therapy, and the use of 
the through-and-through wires for the com- 
pression dressing. It is well to point out, 
however, that in cases in which there is failure 
of primary healing, it is most likely to be due 
to a hematoma which is readily apparent and 
palpable on the 7th postoperative day when 
the sutures are removed. 

Magrath believes that the present appella- 
tion of pilonidal or sacrococcygeal cyst or 
sinus is unsatisfactory and that the present 
statistical method of reporting end-results of 
operative procedures is misleading. He fur- 
ther states that under the present system of 
all inclusiveness, one series of cases may pre- 
sent such extraordinary results that a surgeon 
may attempt the same type of operation with 
an entirely different type of involvement and, 
thereby, have discouraging results. 

Accordingly, the author has herein re- 
ported a consecutive series of cases and has 
attempted to lay down the criteria used in a 
given case in electing to use a technique of 
primary closure or a method of partial closure 
followed by tyrothricin dressings. These same 
criteria and techniques have been used by the 
writer in operating upon an additional 138 
consecutive patients for pilonidal cyst since 
the completion of the series herein reported, 
and have been found to be applicable in treat- 
ing pilonidal disease irrespective of the extent 
of involvement encountered. 

Fourteen months have elapsed since the 
beginning of this series, during which time all 
of these 100 patients have been followed care- 
fully by physical examinations or through 
periodic questionnaires, stressing pain, sore- 
ness, drainage, swelling, or any disability. 

The results to date are as follows: there 
were 5 patients with recurrences in this series 
—3 of whom have been reoperated upon else- 
where, and 2 who will undoubtedly require 
further surgery. In checking back into the 
operative records and case histories of these 
recurrences, it was found that 4 of them were 
in the Subgroup 3 and 1 was in the Subgroup 
2. All 5 patients had been operated upon 
prior to the operation done by the author. In 
the early part of this series, certain significant 
errors and omissions of technique and medi- 
cation were made which may well account for 


these failures. It was found that in 2 of these 
early Subgroup 3 cases in which the previous 
operative scars had been seemingly adequately 
excised and the skin undermined and secured 
to the fascia in the usual manner, the through- 
and-through sutures had been omitted and 
tyrothricin had not been available in the post- 
operative treatment. The other 2 recurrences 
in group 3 were, it is believed, the result of 
faulty surgical judgment. That is, in these 2 
early cases, the lower third only, of the pre- 
vious operative scars had been excised as it 
was in this area alone that recurrence had 
occurred and it seemed to be an adequate 
procedure at the time. The edges of the 
wounds were secured to the sacrococcygeal 
fascia after the skin was undermined in the 
usual manner. One patient had received local 
tyrothricin after operation and 1 had not. In 
any event, this pseudoconservatism in excising 
only a portion of such a recurrent cyst scar is 
to be condemned. The other recurrence was 
in Subgroup 2. The patient had been operated 
upon twice before and the author made an 
ill-advised effort to do a primary closure. This 
failed on the 7th postoperative day as a result 
of hematoma and the wound required opening 
and packing with azochloramide 1/5000 
dressings. Here again, tyrothricin had not yet 
been made available. 

It has been observed and repeatedly re- 
corded (21, 27), that recurrences are due 
occasionally to inadequate excision of the 
sinus but usually to infected granulation tissue 
lined pockets in the depth of the wound. It 
would seem from this fact and from a study of 
these recurrences, that aside from the errors of 
omission in failing to obliterate dead space, 
the continuous use of tyrothricin solution 
topically is an indispensable factor in com- 
bating infection in these open wounds and in 
thereby promoting sound healing. 

Recurrence has not taken place in any of 
the 75 patients in whom primary closure was 
accomplished nor in those patients in whom 
partial closure with through-and-through 
wires and tyrothricin dressings was used, 
although all of these men returned to active 
and, oftentimes, to strenuous duty in the navy 
and, at this time, to various active pursuits in 
civilian life. 
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LARKIN: PILONIDAL CYST 


Incisions done for drainage of pilonidal 
cysts preliminary to radical excision, or even 
as a palliative measure for abscess, should be 
made in a position giving due thought to the 
preservation of the skin for closure in later 
operation for total removal; namely, in the 
midline, in the intergluteal fold whenever 
possible. In this manner, the artificial produc- 
tion of eccentrically situated ostia and sinuses 
can be largely circumvented and later opera- 
tion simplified. 

Surprisingly enough, tender or painful scars 
have not been an outstanding sequela of this 
method of treatment, although the fat in the 
intergluteal fold was almost completely ex- 
cised and the wounds closed as described. In 
the author’s experience, tender postoperative 
scars frequently result from other factors than 
the lack of a fat pad over the sacrum. Tender 
or painful scars often occur when the skin and 
scar over the intergluteal fold are under ten- 
sion as in the cases following elliptical incisions 
for block dissection and primary closure. Pain 
is frequently complained of in the thick, 
broad, adherent scars resulting from block 
dissection and open pack methods of treat- 
ment or in cases in which deep permanent 
sutures have been used. Fourteen of the 75 
patients treated by primary closure reported 
various degrees of tightness in the operative 
scar upon bending over, as to tie a shoe lace, 
or discomfiture upon prolonged sitting, follow- 
ing a train ride, but in no case was it an 
especially noteworthy complaint and these 
patients were highly satisfied with the results 
obtained. This tightness was noticeable to 
more or less extent depending upon the type of 
work done by the individual and occurred 
periodically for an average of 8 weeks after 
operation. The other 61 patients in this cate- 
gory reported complete freedom from any 
local postoperative tenderness or discomfiture 
after initial healing had taken place. As might 
be expected, more persistently tender scars 
occurred in the Subgroup 3 patients in whom 
the wounds had been, of necessity, left par- 
tially open and healed in by granulation tissue. 
Even here, however, there were individual 
variations im tenderness reported that were 
no more or less than would be expected follow- 
ing any secondarily healed wound in this area. 
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It is believed that the method of treatment 
herein presented largely overcomes the causes 
of recurrence by the use respectively of radical 
excisions to obviate sinus remnants and a 
maximum of penicillin therapy plus oblitera- 
tion of dead space to prevent granulation 
tissue lined pockets. 

In the author’s opinion, primary closure is 
the method of choice in the treatment of 
pilonidal cyst. The procedure is both practi- 
cable and desirable in the vast majority of 
cases and is adaptable even to some cases of 
recurrence following other procedures. It 
eliminates the protracted postoperative treat- 
ment and disability attendant upon open 
methods and circumvents the open wound and 
attendant infection which is such an important 
factor in the production of the infected granu- 
lation tissue lined sinuses of recurrences. The 
method results in the restoration of a normal 
intergluteal contour with a minimum of scar 
tissue that is resistant to trauma. 


SUMMARY 

1. Aseries of 100 consecutive patients oper- 
ated upon for pilonidal cyst has been analyzed. 

2. A technique that stresses sparing of the 
skin, radical excision of all cystic tissue and 
adjacent fat tissue, routine use of penicillin 
therapy, and a type of primary closure that 
eliminates dead space was used for all patients 
who had not been previously operated upon 
(66 cases), primary healing being obtained in 
g0.g per cent. 

3. The same technique was used in recur- 
rences in which the skin had not been unduly 
sacrificed by previous surgical procedures (21 
cases), primary healing being obtained in 71 
per cent. 

4. Partial closure was used in treating 
recurrences in which the skin had been too 
widely sacrificed by previous operative pro- 
cedures to permit primary closure (13 cases), 


average healing time in these was 26.5 days. 
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THE LATERAL ABERRANT THYROID 
FRANK H. LAHEY, M.D., F.A.C.S., and BERNARD J. FICARRA, M.D., Boston, Massachusetts 


HE subject of the diagnosis and han- 

dling of lateral aberrant thyroid tissue 

is of importance for many reasons. 

The existence of tumors arising in 
such tissue is apparently often not appreciated. 
They are all potentially malignant. Patients 
with such tumors respond well when treated 
by radical operation and intensive radiation. 
Aberrant thyroid tissue occurs in different 
types of tumors, large and discrete, as mul- 
tiple gland-like masses, and occurring at the 
same time, as they not infrequently do, in the 
thyroid gland and along the internal jugular 
veins the tumor in this gland is wrongly con- 
sidered the primary focus of malignant dis- 
ease, the aberrant thyroid masses along the 
internal jugular veins metastases, and the out- 
come considered hopeless. 

In the course of embryonic development, 
thyroid tissue which persists outside of the 
thyroid gland proper is termed aberrant thy- 
roid tissue. Aberrant thyroid tissue may be 
of lateral, median, or ectopic origin. Lateral 
aberrant thyroid tissue finds its origin in the 
ultimobranchial bodies. At the beginning of 
the seventh embryonic week each ultimobran- 
chial body, united with the adjacent fourth 
parathyroid, is set free from the pharynx. 
During this time growth of the thyroid brings 
its two lobes into contact with the ultimobran- 
chial bodies. Each of the latter then loses its 
cavity and becomes incorporated into the thy- 
roid gland. Occasionally the ultimobranchial 
bodies undergo conversion into thyroid tissue. 
This conversion is attributed to the dominat- 
ing influence of a thyroid environment on a 
plastic, implanted tissue. To this degree the 
ultimobranchial bodies are lateral aberrant 
thyroid primordia (1) (Fig. 1). 


INCIDENCE 


The presence of lateral aberrant thyroid tu- 
mors is not a common clinical entity. A study 
at this clinic revealed 30 patients with lateral 
aberrant thyroid tumors encountered prior to 
January, 1939 (2). Since that date 17 addi- 
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tional patients have been treated up to and in- 
cluding June, 1945. During this period 25,000 
patients were treated for various types of goi- 
ter. Thus, approximately 1 patient with lat- 
eral aberrant thyroid was seen for every 500 
patients with goiter. 

An analysis of the 30 cases seen prior to 
January, 1939, indicates that these tumors 
may occur in patients at any age, but usually 
under 40 years. They occurred five times more 
frequently in women than in men. Histo- 
pathologic diagnosis in all cases was papillary 
cystadenoma showing little differentiation into 
adult thyroid structure. All were considered 
either potentially or definitely malignant. As 
such, the patients were treated by radical op- 
eration followed by radiation therapy. 

The 17 most recent cases studied at the clinic 
since January 1939 are presented in Table I. 


CLINICAL PICTURE 


Tumors arising in lateral aberrant thyroid 
tissue produce no characteristic symptoms. 
The presence of a swelling in the neck is no- 
ticed by the patient or found by the examining 
physician. Most commonly, a history is given 
of a swelling, symptomless at onset, which 
gradually increases in size over a period of 
months or years. The growth is not only grad- 
ual but may not alter its size, shape, or con- 
sistency over a period of years. Occasionally, 
after a long period of no growth, a recent rapid 
increase in size may be noted and cause the 
patient to seek advice. 

These tumors are usually multiple, produc- 
ing movable gland-like masses which are lo- 
cated along the neck in front of the sternomas- 
toid beside the internal jugular vein (Fig. 2b). 
At times a long chain of nodules, gland-like in 
character, can be palpated from the mastoid 
process and at times below the clavicle along 
the sternomastoid muscle on one or both sides 
(Fig. 2a). Occasionally, a single deep good- 
sized tumor of the neck, firm in character, not 
unlike a carotid body tumor, will prove to be 
a single lateral aberrant thyroid (Fig. 2c). 
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TABLE I.* — SUMMARY OF CASES STUDIED SINCE JANUARY 1939 


Dura- 

. i tion of 

History symp- 

s 

Mass left side of 
neck 


34 yrs 
| 
| 
Previous thyroid- | 7 yrs. 
ectomy 1932. | 
Recurrence of 
masses in neck | 
within 6 mos. 





“Enlarged thyroid; 
subtotal thy roid- 
ectomy Jan. 1939 


— 
+ | 





Thyroid trouble 
| 
| 


I yr. 


Swelling right side 
of neck 


‘Mass left side of ] 
neck 


Visible node right 
side of neck 


Aberrant thyroid 
found during rou- 
tine examination 

Nodule left side of 
neck. Biopsy | 
elsewhere aewed 
papillary cyst- | 
adenoma } 

Swelling left side of | 
nec 





Nodules in neck _ | * yr 


Side 





Date of 
operation 


1-23-39 


Operation performed 


Pathologic diagnosis 





Left total] hemithyroidectomy, plus 
thyroid isthmus, radical neck 
dissection 


Papillary cystadenoma, 
metastasis to lymph 
nodes 


Latest 
follow-up 
date 

11-22-43 
No recurrence 





Excision left lateral aberrant thy- 
roid tissue, left thyroid remnant, 
lymph nodes, and smal] nodule 
under skin scar 





§-12-39 
4 mos. 
alter thy- 
roidectomy) 


Right radical neck dissection 


Recurrent papillary ade- 
nocarcinoma 


6-15-4 


4 
No recurrence 





Papillary ‘cystadenoma 


with blood vessel in- 
vasion 


2-19-43 
No recurrence 





10-16-39 


Left total hemithyroidectomy, ex- 
cision aberrant thyroid tissue, 
left radical neck dissection 


Papillary cystadenoma 
with metastases to one 
lymph node and local 
muscular invasion 


8-14-44 
No recurrence 





Right total hemithyroidectomy, ex- 
cision aberrant thyroid, radical 
neck dissection 


Papillary adenocarcinoma, 
metastases to 8 of 12 
lymph nodes 


Recurrence 
8-14-44, second 
OP. 10-5-44; 
excision meta- 
static glands 
March 1945 





Left total hemithyroidectomy, ex- 
cision aberrant thyroid tissue, 
left radical neck dissection 


Papiliosy —— peer | ag 
h blood vessel in- 
pe 


10-21-43 
No recurrence 





Right total hemithyroidectomy, 
right radical neck dissection 


Papillary cystadenoma, 
metastases to lymph 
nodes with blood vessel 
invasion 


§-10- 
No recurrence 





2 mos. 


Right total hemithyroidectomy, 
right radical neck dissection 


Papillary adenocarcinoma 


7-1-44 
No recurrence 





Left total hemithyroidectomy, 
left radical neck dissection 


Papillary cystadenoma 
with metastases to 
lymph nodes 


10-23-44 
No recurrence 





Left total hemithyroidectomy, 
left radical neck dissection 


Papillary adenocarcinoma 
with blood vessel me- 
tastases 


1-25-45 
No recurrence 





Right total hemithyroidectomy, 
excision aberrant thyroid tissue, 
right radical neck dissection - 


Papillary cystadenoma 
with blood vessel inva- 
sion and multiple me- 
tastases 


5-17-44 
No recurrence 





Gradually enlarging 
mass in right 
side of neck 
| 
Neck swelling, | 
biopsy elsewhere | 
1935 showed aber- 
rant thyroid tis- 
sue. Biopsy again} 
1943 showed 
papillary adeno- | 
carcinoma | 
Swelling right side | 
of neck 





8-23-43 


Right total hemithyroidectomy, 
excision of aberrant thyroid, 
right radica] neck dissection 


Papillary cystadenoma 
with involvement of 
thyroid, metastases to 
2 of 7 lymph nodes 


4-3-45 
No recurrence 





Left total hemithyroidectomy, 
left radical neck dissection 
9-29-43; right radical neck dis- 
section 10-11-43 


Papillary adenocarcinoma 
with metastases to 
lymph nodes 


10-30-44 
No recurrence 





Right total hemithyroidectomy, 
radical neck dissection 





Papillary adenocarcinoma 
with foci of carcinoma 
simplex 


I-15- 
No recurrence 





Swelling left side of | 
neck. Biopsy | 
5-8-45 showed 
papillary adeno- 
carcinoma 


Left total hemithyroidectomy, 
left radical neck dissection 


Papillary adenocarcinoma, 
metastases to 1 of 7 
lymph nodes 


Being followed 
at present; too 
recent for 
report 





Mass in left side of 
nec 


Tumor in neck. 
Biopsy elsewhere 
May 1945 showed 
papillary adeno- 
carcinoma 








*All patients received postoperative radiation. 





Left total hemithyroidectomy, 
left radical neck dissection 


Papillary cystadenoma 


Being followed 
at present; too 
recent for 
report 








Left total hemithyroidectomy, 
left radical neck dissection 





Papillary adenocarcinoma 





Being followed 
at present; too 
recent for 
report 
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DIFFERENTIAL DIAGNOSIS 

The clinical diagnosis of tumors originating 
in lateral aberrant thyroid tissue is often not 
made unless one recalls that any laterally lo- 
cated mass may be a lateral aberrant thyroid 
tumor. In our series before 1939, a correct 
diagnosis was made preoperatively in 16 per 
cent of the cases, with a tentative diagnosis of 
lateral aberrant thyroid tumor in an additional 
33 per cent. As our knowledge and experience 
with these tumors have increased, our ability 
to distinguish them preoperatively has like- 
wise increased. In our second series of 17 
cases, the correct diagnosis was made pre- 
operatively in 80 per cent of these patients. 

Aberrant thyroid tumors must be distin- 
guished from all the simple tumors of the 
neck. By dividing these tumors into median 
line tumors and lateral neck tumors a simple 
and practical classification is made available 
(Fig. 3). 

Median line tumors are, for practical pur- 
poses, almost all limited to the thyroid gland. 
They are the tumors that are limited to the 
descent of the thyroid. These are the unde- 
scended thyroids from their point of origin at 
the base of the tongue, the sublingual thy- 
roids, the thyroglossal cysts, the pyramidal 
lobes, and the adenomas in the isthmus. The 
single lateral tumors and sinuses of the neck 
are the branchial sinuses, branchial cysts, carot- 
id body tumors, and neurofibromas. The mul- 


Fig. 2. a, This illustration shows the occurrence of a 
chain of gland-like bodies, often on both sides, in front of 
the sternomastoid muscle beside the internal jugular vein in 
lateral aberrant thyroid. b, Multiple, gland-like bodies, 


LATERAL ABERRANT THYROID 


THYROID GLAND 


PARATHYROIDS 


‘ 
‘ 
‘ 

ry 


THYMUS ULTIMOBRANCHIAL BODY 


( LATERAL ABERRANT 
THYROID PRIMORDIA 


Fig. 1. 


tiple tumors are the aberrant thyroids, tubercu- 
lous glands, inflammatory nonspecific glands, 
the various other inflammatory types and 
metastatic and nonmetastatic neoplastic in- 
vasions of glands. In this group of multiple 
tumors occurs the greatest difficulty in dis- 
tinguishing tumors of lateral aberrant thyroid 
origin. Table II will assist in the differential 
diagnosis of these tumors. 


irregular in size, of lateral aberrant thyroid, occurring lat- 
erally. c, The occasional occurrence of a single, discrete, 
good-sized nodule, often not unlike a carotid body tumor, 
is demonstrated. 
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TABLE II. — DIFFERENTIAL DIAGNOSIS OF 
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MAIN DISEASES CONFUSED WITH TUMORS 


ARISING IN LATERAL ABERRANT THYROID 








cities | i Distribution Character 
- AB of lesion of mass 
Tuberculosis | Infants and | Associated with Tender glands, 
children general or local caseous, mat- 
lymphadenopathy ted together | 
| 
Lympho | Usually | Main group of cervi- | Large mass mat- 
sarcoma | over 40 cal glands involved ted glands, 
| not tender 
Hodgkin's | Mainly | Local glandular en- Massive discrete 
| young | largement, gradu- glands not ten- 
adults ally becoming gen- | der 
| eralized | 
| | | 
Inflammatory Any age Regional glandular Enlarged tender 
glands enlargement accord- glands 
} ing to area infected 
| 
Metastatic | Usually | Usually 1 or 2 promi-| Hard, firm glands 
carcinoma elderly } nent glands 
adults | 
= - 
Aberrant | Usually | Single or multiple Movable gland- 
thyroid | under 40 masses occurring like masses 
tumors | in chains along 
sternomastoid 
muscle | 
| 





PATHOLOGY 

Macroscopic inspection of lateral aberrant 
thyroid tumors frequently reveals a bluish- 
black discoloration of the tumor tissue. This 
color results from blood pigment which weeps 
from the papilliferous elements of the tumor. 

The histologic appearance of these tumors 
is that of a papillary cystadenomatous struc- 
ture (Fig. 4). Adult thyroid elements are not 
visualized. This makes it difficult to identify 
the tissue as of thyroid origin. The macro- 
scopic appearance of this papilliferous tissue 
is so characteristic and constant, however, 
that whenever a tumor is removed from the 


CLASSIFICATION OF SIMPLE NECK TUMORS 


Median line tumors Lateral tumors 


Usually of thyroid origin 


Single Multiple 
° . J . 
1. Undescended thyroids 1. Branchial 1. Aberrant thyroids 
Chyroglossal cysts cysts 2. Tuberculosis adenitis 
3. Pyramidal lobes 2. Carotid body 3. Nonspecific inflamma- 
Adenomas in isthmus tumors tory glands 


Neurofibromas 4. Lymphosarcoma 
5. Hodgkin’s disease 
6. Metastatic carcinoma 


Fig. 3. 





Associated findings Course Biopsy 


Lymph node containing 
Langhans’ giant cells, 
tubercles 


Evidence of tuberculosis | Chronic 
elsewhere occasionally 





Debility, picture of chronic] Usually fatal] Lymph node with actively 


illness within proliferating lymphoid cells 
I yr. in a fine reticulum 
Fever (Pel-Ebstein type), | Chronic with} Lymph node with Reed- 
eosinophilia * fatal out- Sternberg giant cel!s and 
come in eosinophils 
2 to 4 yrs. 
usually 


Evidence of primary in- Rapid recov-| Hyperplasia of lymph node 








fection; fever, leuko- ery with 
cytosis treatment 
Evidence of cancer in thy-| Gradually Metastatic carcinoma 
roid, pharynx, stomach downhill 
or lung and fatal 
May be none 5 to 15 yr. | Papillary cystadenoma or 
arrest of papillary adenocarcinoma 
disease 
with ade- 
quate 
treatment 








lateral region of the neck and is diagnosed as 
papillary cystadenoma, it is in all probability 
a lateral aberrant thyroid, and is actually or 
potentially malignant. 

Invasive tendencies are found in many of 
the papillary cystadenomatous nodules. Some 
of our cases were definitely adenocarcinoma 
both in cell structure and in invasive charac- 
teristics (Fig. 5). In our classification papil- 
lary cystadenoma malignant is a little more 
differentiated and a little less malignant than 
the papillary adenocarcinoma. Histologically, 
the tumor is predominantly papillary adeno- 
carcinoma with blood vessel invasion. 

The problem often arises as to whether or not 
these tumors are metastatic glands with the 
thyroid gland as the primary site of the growth. 
Several of our patients have shown unilateral 
involvement of a thyroid lobe with a nodule 
of papilliferous tissue within the thyroid gland 
itself. In the majority of instances, however, 
lateral aberrant thyroid nodules have occurred 
with an entirely normal and uninvolved thy- 
roid gland. When the thyroid gland has been 
involved, equally good results have followed 
hemithyroidectomy including the nodule plus 
the removal of the lateral nodules and radia- 
tion, as have followed in the cases in which n« 
nodule was present in the thyroid. Papillary 
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Fig. 4. 
of lateral aberrant thyroid tissue is illustrated. 

cystadenomatous structures along and behind 
the sternomastoid muscle, as well as those 
within the thyroid lobe itself, can be explained 
on embryologic grounds without spread or me- 
tastasis in either direction. The lateral aber- 
rant cell masses fuse very early in the embryo 
with the thyroid of median origin. Since the 
tumors occur anywhere laterally in the neck 
or in the thyroid, it is probable that the papil- 
liferous aberrant thyroid nodule which also 
occurs within the thyroid lobe represents an- 
other lateral aberrant nodule fused with the 
thyroid, which has failed to atrophy. 


TREATMENT 


When multiple tumors of the neck are pres- 
ent an early biopsy to determine the nature 
of the lesion is important in order to under- 
take proper and adequate treatment, partic- 
ularly when the microscopic report is papillary 
adenocarcinoma. A diagnosis of lateral aber- 
rant thyroid nodules demands radical surgical 
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The typical papillary cystadenomatous structure 
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Fig. 5. Note in this papillary adenocarcinoma arising in 
lateral aberrant thyroid tissue all types of invasion: blood 
vessel invasion, perineural invasion, and lymphatic invasion. 


treatment followed by intensive postoperative 
radiation therapy. 

When a discrete nodule is found without in- 
volvement of the thyroid lobe and without 
other lateral aberrant thyroid nodules, com- 
plete removal may be sufficient. When sev- 
eral nodules are encountered, dissection of the 
neck on that side is indicated. In the presence 
of invasion characteristics and the diagnosis 
of papillary adenocarcinoma, radical neck dis- 
section on the side involved should be per- 
formed. This dissection includes removal of 
the sternomastoid muscle, internal jugular 
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Fig. 6. This illustration diagrammatically shows the 
block of tissue to be removed in patients with aberrant 
thyroid tissue containing papillary adenocarcinoma. 

Note that this block includes the sternomastoid, the in- 
ternal jugular with all of its tributaries entering the thy- 
roid, all of the lymphatic nodes and all of the thyroid tissue 
on the side involved. 
vein, all lymph nodes, and total hemithy- 
roidectomy on that side (Fig. 6). 

Postoperative radiation therapy has been 
employed in all cases in which any criteria of 
malignancy were demonstrated. A total of 
6000 r is applied to the tumor bed over a 21 
day period. During the period of treatment 
serum cholesterol levels are taken. If this level 
rises to 300 milligrams or more, small doses of 
thyroid extract are administered. 


FOLLOW-UP STUDIES 


In our series of cases prior to 1939 our fol- 
low-up studies show the following. Twenty- 
one of our patients have been followed from 
5 to 15 years. Fourteen patients have had no 
recurrence. During this period, 3 have died of 
other proved causes. Three had recurrence, 
were reoperated upon, and are now well. Two 


are living with recurrence. One patient has 
had repeated pathologic fractures of the right 
humerus and another has metastases in both 
lungs. One patient died of recurrent malig- 
nant disease of lateral aberrant thyroid origin. 
Of the other 9 patients, 6 had no recurrence 
after 4 years. One had a recurrence, was re- 
operated upon, and is now well. One patient 
is living, with recurrence. The last patient 
died of metastases from carcinoma of the 
breast (2). 

Our second group of 17 cases since 1939 en- 
compasses a follow-up period of only 6 years. 
In 14 0f these patients recurrence was recorded, 
in 1 case after 4 years, followed by reappear- 
ance of lymph node metastases 1 year later. 
Reoperation on two different occasions re- 
vealed additional tumor. This patient is now 
well. Three cases are too recent to discuss. 

The results of our follow-up survey in the 
entire group confirm the pathologist’s belief 
that tumors of lateral aberrant thyroid origin 
are of low malignancy. Adequate radical sur- 
gical treatment followed by radiation therapy 
offers a very favorable prognosis. 


SUMMARY AND CONCLUSIONS 


Tumors of lateral aberrant thyroid origin 
are discussed. These tumors arise from the 
ultimobranchial body as a result of departure 
from normal embryologic development. 

Forty-seven instances of these tumors were 
encountered at the Lahey Clinic up to July 1, 
1945. During this same period 25,000 patients 
were treated for various types of goiter. Thus, 
one tumor of this type is seen in approximately 
every 500 goiter patients. 

These tumors may occur in patients of any 
age, but usually in those under 40 years. They 
are more frequent in women than in men. 

Clinical diagnosis can usually be made. The 
lesion must be distinguished from the simple 
neck tumors, branchial cysts, carotid body 
tumors, and neurofibromas. In particular. 
differentiation must be made from tuberculo- 
sis, lymphosarcoma, Hodgkin’s disease, in 
flammatory glands, and metastatic carcinoma 
Diagnosis is confirmed by biopsy. 

The characteristic pathologic picture is < 
papillary cystadenomatous structure showin; 
little, if any, differentiation into adult thyroic 
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structure. All these tumors must be consid- 
ered as actually or potentially malignant. 
Radical neck dissection followed by deep ra- 
diation therapy is the most satisfactory course 
of treatment. This lesion is of low malignancy 
and is radiosensitive. 
The operative mortality in 47 cases was nil. 
Follow-up studies of 30 patients prior to 
1939 cover a period of 5 to 15 years. Twenty- 
one of these patients showed no recurrence; 
4 had recurrence, were reoperated upon, and 
have remained well. Four died of other causes. 
One patient died of recurrent malignant dis- 
ease of lateral aberrant thyroid origin. 
Follow-up study of our most recent 17 cases 
encompasses the past 6 years. One patient 
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had a recurrence, was reoperated upon twice, 
and has.remained well. Three cases are too 
recent to discuss. 

In conclusion, whenever a biopsy specimen 
is taken of a tumor from the lateral region of 
the neck, and the report is papilliferous cyst- 
adenoma or papillary adenocarcinoma, in all 
probability it is a lateral aberrant thyroid. 
Adequate surgical and radiation therapy will 
result in an ultimate favorable prognosis in 
the majority of cases. 
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INCONTINENCE DUE TO BILATERAL 


ECTOPIC URETERS 


LAURENCE F. GREENE, M.D., and DEWARD O. FERRIS, M.D., 


Rochester, Minnesota 


RINARY incontinence due toan ectopic 

ureteral orifice is not common. In 1938 

Eisendrath (1) reported a series of 255 

cases of ureters with ectopic openings 

which he had collected from the literature. In 

most of the cases the condition was unilateral; 
bilateral ectopic ureters were infrequent. 

The ectopic ureter is usually associated with 
complete duplication of the pelvis and ureter. In 
most instances the opening of the ureter which 
leads from the upper segment of the duplicated 
kidney is ectopic. Rarely the ureter from the 
lower segment is ectopic or an ectopic ureter may 
occur with a kidney which is not duplicated. 

From the Section on Urology and the Division of Surgery, 
Mayo Clinic 





Duplication of the pelvis 


Fig. 1. 
and calices of the left kidney is shown well. Duplication of 
the right kidney is suggested by the small amount of 
medium visible in the upper pole. 


Excretory urogram. 
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In cases of bilateral ureteral ectopia the orifices 
of the ectopic ureters are most frequently situated 
in the urethra or the vestibule of the vagina. Less 
frequently one or both ureters enter the prostatic 
urethra, vas deferens, ejaculatory duct, uterus, or 
vagina. 

The condition occurs with much greater fre- 
quency among women than among men and the 
outstanding symptom among women is urinary 
incontinence. In practically all cases the incon- 
tinence is congenital, diurnal and nocturnal and is 
associated with normal voidings. Among men 
incontinence is usually absent and the condition 
is discovered following investigation to determine 
the source of infection of the urinary tract. 

The diagnosis of bilateral ectopic ureters may 
be exceedingly difficult and, at times, can be only 
inferred, as in Case 2. If the symptoms suggest 
ectopic ureter, the urethra, vestibule, and vagina 
must be carefully examined and a search made 
for the escape of urine from the ectopic orifice. 
The intravenous administration of indigocarmine 
is usually of little value because the function of 
the portion of kidney drained by the ectopic ure- 
ter is not sufficient to concentrate the dye in the 
urine. It may be possible to catheterize the ectopic 
ureters and to secure pyelograms, as in Case 1. 

Excretory urography is valuable in the diag- 
nosis of this condition (2). In most instances 
bilateral complete duplication of the renal pelves 
and ureters will be found. However, those seg- 
ments of the kidney drained by the ectopic ureters 
(usually the upper) will be visualized faintly, or 
not at all, because their function is insufficient to 
concentrate the contrast medium. In such in- 
stances the diagnosis of bilateral complete dupli- 
cation must be inferred from the fact that the 
visualized pelves (usually the lower) appear to 
drain only the lower portion of each kidney. Thus. 
if by excretory urography and retrograde pyelog- 
raphy a diagnosis of bilateral complete duplica- 
tion of the pelvis and ureter is made and if but one 
ureteral orifice is situated at each extremity of the 
trigone, a diagnosis of bilateral ureteral ectopia 
can be made. 

In instances in which the ectopic ureters empty 
into the urethra, the instillation of indigocarmine 
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Fig. 2. The openings of the ectopic ureters into the 


vestibule of the vagina. 


into the bladder is of diagnostic value, as in Case 
2. The escape of urine, uncolored with indigo- 
carmine, from the urethra after the dye has been 
instilled into the bladder is conclusive evidence of 
the presence of an ectopic ureteral orifice situated 
in the urethra. 

Because of the infrequency of this condition the 
following 2 cases of bilateral ureteral ectopia are 
reported. sha tab hs se ay 

REPORT OF CASES 

CasE 1. A single woman, 26 years of age, stated that she 
had had urinary incontinence since birth and that, as long 
as she could recall, her underclothes had been wet. At no 
time had there been any diurnal, seasonal or yearly vari- 
ation; at all times her perineum was constantly and monot- 
onously wet. As a child she had been examined and treated 
by several physicians but to no avail. Drastic limitation of 
fluids and voiding every hour, ‘‘by the clock,” during the 
day and night produced no change. Her parents evolved a 
schedule whereby the child would receive as a reward a blue 
paper star for each day that she remained continent and a 
gold star for each week; strive as she might, the unfortunate 
child never earned a blue star. 

During puberty and adolescence the patient reconciled 
herself to a wet perineum. As she matured, however, she 
found it necessary to change her residence to another state, 
chiefly because her friends complained of the urinous odor. 
I'wo years before coming to the clinic she again had sought 
medical aid. Cystoscopic examination had been performed 
and she had been informed that her right kidney was in- 
fected and that the “cut-off muscle” was weak. A plastic 
procedure whereby the ‘muscles of the urethra were tight- 
ened” had been carried out but without benefit. 

She stated that she used three sanitary pads during the 
day and three during the night. She had no other urinary 
symptoms. She voided easily and painlessly three or four 
times daily and did not have nocturia. 

The only pertinent finding on physical examination was 
inflammation and tenderness of the skin of the vulva and 
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thighs; the urinous odor of these parts was evident. Routine 
laboratory studies, including urinalysis, yielded normal or 
negative results. The concentration of urea was 22 milli 
grams per 1oo cubic centimeters of blood. 

An excretory urogram (Fig. 1) revealed complete dupli- 
cation of the pelvis and calices of the left kidney; the 
visualization of the left ureter was not sufficient to deter- 
mine whether this ureter also was duplicated. The pelvis 
and calices of the right kidney appeared to be normal; a 
small amount of medium appeared to be present in the 
upper pole of the right kidney above the visualized pelvis 
and suggested the presence of duplication. The right ureter 
was not visualized sufficiently for accurate diagnosis. 

Cystoscopy revealed the bladder to be normal; one 
ureteral orifice was situated at either extremity of the 
trigone. Bilateral retrograde pyelograms outlined only the 
lower pelves of both kidneys and these appeared normal. 
Specimens of urine which were collected from each kidney 
were negative microscopically and by means of Gram’s 
stain. 

Careful examination of the urethra failed to disclose an 
ectopic ureteral orifice. After the intravenous administra- 
tion of indigocarmine diligent examination of the vestibule 
and considerable probing of various folds finally revealed 
two ectopic ureteral orifices (Fig. 2). The orifice of the 
ureter leading from the upper segment of the right kidney 
was situated directly below the urethral orifice and a ure- 
teral catheter was passed with ease. The orifice of the 
ureter leading from the upper segment of the left kidney 
was situated below and lateral to the urethral orifice; a 





Fig. 3. Retrograde ureterogram. The lower portion of 
the ureter from the upper segment of the left kidney is 
dilated and tortuous. The upper segment of the right kid- 
ney and its ureter are incompletely visualized. 











Fig. 4. Bilateral retrograde pyelogram. Complete bi- 
lateral duplication with bilateral ectopic ureters is shown. 
Visualization of the upper segment of the left kidney and 
its ureter is poor because the catheter could be inserted up 
the ureter for only a short distance. 


ureteral catheter could be passed up this ureter for only a 
short distance and a retrograde pyelogram revealed marked 
dilatation and tortuosity of the lower third of the ectopic 
left ureter (Fig. 3). A retrograde pyelogram of the upper 
segment of the right kidney disclosed a rudimentary pelvis 
and ureterectasis (Fig. 4). Examination of a specimen of 
urine from this segment revealed pyuria and bacilluria. 

A diagnosis was made of bilateral, complete duplication 
of the pelves, calices and ureters, with the orifices of the 
ureters from both upper segments situated ectopically in 
the vestibule. Bilateral heminephrectomy was advised and 
carried out. 

At the time of the first operation the right kidney was 
exposed and it was noted that the upper segment repre- 
sented approximately one-third of the total renal mass. 
Two sets of aberrant vessels extended to the superior pole. 
The upper pelvis was situated posteriorly and its ureter 
passed through the structures of the renal pedicle (Fig. 5). 
The ureter was divided in its upper third and drawn 
through the renal pedicle. The aberrant vessels were sepa- 
rated and ligated separately and the upper segment of the 
kidney was excised. 

Convalescence was uneventful but urinary incontinence 
persisted. In spite of our reassurance, the patient was 
perturbed because it was her impression that the urinary 
leakage had not been reduced by a half. 

Two weeks after the first operation surgical exploration 
of the left kidney was performed. The operative findings 
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Fig. 5. Diagrammatic scheme illustrating the findings 
in Case 1. 


and surgical procedures were essentially similar to those 
which have been described for the right kidney. Left hemi- 
nephrectomy and partial ureterectomy were performed 
with ease. 

After the second operation urinary incontinence ceased 
entirely. The patient was elated and stated, “It’s like a 
new life.”” An excretory urogram made 2 weeks after the 
second operation revealed normal function in both remain- 
ing segments with no deformity of the pelves or calices (Fig. 
6). Urinalysis revealed normal findings and the concen- 
tration of urea was 20 milligrams per 100 cubic centimeters 
of blood. 

CAsE 2. A girl, 9 years of age, was brought to the clinic 
by her mother, who stated that the child had been incon- 
tinent of urine since birth. More recently the patient had 
complained of burning in the region of the urethra. In all 
other respects the child appeared and behaved normally. 

The pertinent finding on physical examination was the 
constant escape of a small amount of urine from the exter- 
nal meatus. Urinalysis gave negative results. Routine 
studies of the blood and roentgenograms of the thorax were 
normal. 

An excretory urogram suggested the possibility of com- 
plete duplication of the pelvis, calices and ureter of the left 
kidney. Although the upper segment could not be visua- 
lized, the position of the pelvis in relation to the soft tissue 
outline of the kidney suggested this possibility. The pres- 
ence of a similar condition of the right kidney was also 
suggested, but details were obscured (Fig. 7). 

Cystoscopic examination disclosed the bladder to be 
normal, with one ureteral orifice situated at each extremity 
of the trigone. The internal vesical neck and urethral tone 
appeared normal. A small opening was seen just within the 
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Fig. 6. Excretory urogram following bilateral hemine- 
phrectomy. Both lower segments are functioning normally; 
visualization of the right kidney is incomplete. 


external urethral meatus slightly to the left of the midline; 
a catheter could be passed through this opening for only 1 
centimeter. The remainder of the urethra appeared normal. 
Indigocarmine was instilled into the bladder and observa- 
tion of the urethra did not disclose the escape of any blue- 
stained urine. However, an escape of clear urine from the 
urethra was noted at regular intervals. This finding was 
considered as evidence that the ureteral orifice correspond- 
ing to the upper segment of the left kidney entered the 
urethra. The possibility that an orifice from the upper 
segment of the right kidney was also situated in the urethra 
was considered. A recommendation of exploration of the 
left kidney was made; in the event that incontinence per- 
sisted after this procedure, a similar procedure on the right 
kidney was advised. 

Exploration of the left kidney was carried out and com- 
plete duplication of the pelvis and ureter was noted. The 
upper half of the kidney was found to consist of a hydro- 
nephrotic sac with little parenchyma remaining. The 
ureter leading from the upper segment was tortuous and 
approximately 1 centimeter in diameter. The remainder of 
the kidney and the ureter from the lower segment appeared 
normal. Heminephrectomy, removing the upper segment, 
was carried out. The pathologist reported hydronephrosis, 
chronic pyelonephritis and hydroureter; go per cent of the 
renal substance had been destroyed. 

The patient withstood the procedure well and convales- 
cence was uneventful. Urinary incontinence, however, 
persisted. Excretory urography was repeated and the pel- 
vis of the right kidney appeared normal but was seen to 
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Fig. 7. Excretory urogram. The size, position, and con 
figuration of the pelves suggest duplication of the pelves 
and calices. 


occupy the lower half of the soft tissue outline of the right 
kidney. Considerable renal parenchyma appeared to exist 
above the visualized pelvis and this finding strongly sug 
gested the possibility of duplication of the pelvis, calices 
and ureter of the right kidney. The remaining lower seg 
ment of the left kidney was not visualized satisfactorily but 
it appeared to be functioning normally. 

Cystoscopy was repeated and the urethra was carefully 
examined, but a second ectopic ureteral orifice could not be 
found. Indigocarmine was again instilled into the bladder 
and again an escape of clear urine from the external urethral 
meatus was noted. This finding was considered as conclu- 
sive evidence of complete duplication of the right kidney 
with the ectopic opening of the ureter from the upper 
segment situated in the urethra. 

Exploration of the right kidney was advised and carried 
out and complete duplication of the pelvis and ureter was 
found. The upper segment of the kidney was hydronephrot- 
ic and the corresponding ureter was extremely dilated. 
The lower segment of the kidney and its ureter appeared 
normal. Heminephrectomy, removing the upper segment, 
was carried out. The pathologist reported hydronephrosis, 
chronic pyelonephritis, and hydroureter; 10 per cent of the 
renal parenchyma was destroyed. 

After the second operation the patient had perfect uri 
nary continence. Convalescence was uneventful. An excre 
tory urogram revealed normal configuration of the lower 
segments of both kidneys and both appeared to be func- 
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tioning normally. ‘Two years after the last operation the 
patient informed us that she had no urinary symptoms. 


COMMENT 


A correct diagnosis of ectopic ureter will enable 
the physician to achieve a brilliant cure by the 
proper surgical procedure—usually heminephrec- 
tomy. Female patients, miserable as a result of 
urinary incontinence, can be restored to perfect 
continence and male patients can be relieved of 


intractable urinary infection by proper diagnosis 
and surgical treatment. If incontinence persists 
among female patients after unilateral hemine- 
phrectomy, bilateral ureteral ectopia is suggested 
and further urologic investigation of the opposite 
kidney, including exploration if necessary, is in- 
dicated. 
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STUDIES ON 


EXOPHTHALMOS PRODUCED BY 


THYROTROPIC HORMONE 


III. Further Study of Changes Induced in Fat by Thyrotropic Hormone 


(Tissue Reactions Associated With Exophthalmos) 


BROWN M. DOBYNS, M.D., Rochester, Minnesota 


N a preceding publication (11) the reports of 
Paulson, Aird, Brock, and Smelser, which 
described the presence of round cells in tis- 
sues of animals given thyrotropic hormone, 

were confirmed. Paulson (17. 18) concluded that 
the reaction he described as Zenker’s degeneration 
in muscle was most marked in the first few days of 
the administration of the hormone. I recently re- 
ported (11) that these new cellular components 
which appeared in tissue contained tiny droplets 
of fat and that the general reaction in fat depots 
was comparable to the reparative processes which 
occur in traumatized fat with fat necrosis. Fat 
was demonstrated by histologic techniques, in 
abnormal quantities, not only in macrophages of 
connective tissue but in cardiac and skeletal mus- 
cle fibers, in liver and kidney epithelium, in 
epithelium of the ileum, and in reticuloendothelial 
cells throughout the body. 

The nature of the reaction and the presence of 
fat droplets in macrophages and polymorphonu- 
clear leucocytes of connective tissue led to the 
assumption that this was phagocytosis of fat and 
probably a form of rapid mobilization of fat. Be- 
cause fat seemed te be removed from depots and 
appeared elsewhere in seemingly abnormal quan- 
tities, the supposition was that fat was being 
rapidly transported, perhaps via the blood stream. 
Preliminary investigation on centrifuged blood 
revealed lipemic plasma and a marked increase 
of the thickness of the buffy coat, suggesting leuco- 
cytosis. In previous studies with antuitrin T the 
fat depots did not readily recover their depleted 
fat and the fat that appeared elsewhere disappear- 
ed rapidly. This prompted the question whether 
fat was being metabolized more rapidly than 
usual. Accordingly, experiments were devised for 
the consideration of the following topics: (1) the 
sequence of events in the histologic changes in- 
duced in connective tissue and liver of guinea pigs; 
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(2) a study of blood fats in such animals; (3) a 
study of blood acetones in such animals; and (4) 
changes that may take place in leucocytes in the 
circulating blood. 


METHODS 


Inasmuch as the changes in the connective 
tissue of normal animals are as great as in thy- 
roidectomized animals when thyrotropic hormone 
is administered, normal intact animals have been 
used. The study was based on 14 animals receiv- 
ing antuitrin T, 2 receiving purified thyrotropic 
factor, 4 receiving specific metabolic principle, 
and 8 normal control animals. Most interest cen- 
tered about the animals receiving antuitrin T, for 
it was this product which induced the most strik- 
ing reaction in tissues (11). Twelve of the animals 
which received 1 cubic centimeter of antuitrin T' 
were killed in 31% to 24 hours after the single 
administration. The remaining 2 received daily 
administration of antuitrin T for 2 and 3 days, 
respectively, before being killed. All animals were 
killed by exsanguination by means of an 18 gauge 
needle inserted through the thoracic wall into the 
heart. 

Coagulation of the blood so obtained was in- 
hibited with sodium oxalate crystals. The blood 
was centrifuged slowly and only sufficiently to 
separate the cells from the lipemic plasma. The 
plasma was dried, ground finely with sand, and 
extracted three times (1 hour each) with a solvent 
composed of 50 per cent methyl alcohol and 50 per 
cent chloroform. After evaporation of the solvent, 
the residue was dissolved in chloroform, filtered, 
dried, and weighed. 

The determination of blood acetone? was done 
by the method of Crandall on whole blood. 

1One cubic centimeter of antuitrin T was reported by the manu- 
facturer to contain 50 Junkmann-Schoeller units. This unit is de 
fined as that amount of extract which when injected daily for 3 
days into guinea pigs weighing 100 and 150 grams causes a rec 
ognizable hypertrophy of the epithelium and disappearance of 
colloid in the thyroid of 2 out of 3 animals (13, 14). 

?T am indebted to Dr. Eunice Flock, of the Division of Exper 


imental Medicine Mayo Foundation, for her assistance in the 
determination of blood acetone in this experiment. 
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Fig. 1. Phagocytosis of fat droplets by tissue macro- 
phages and polymorphonuclear leucocytes in periureteric 
fat depot of an intact animal that had been given 0.5 cubic 
centimeters of antuitrin T daily for two days. This is the 
picture seen early after the beginning of the administration 
of antuitrin T. Some of the large macrophages suggest a 
transformation into fibroblasts (scarlet red and hematoxy- 
lin, X750). 


Determinations of fat in the plasma were made 
on 12 animals that received antuitrin T. Eight of 
these animals were also studied for blood acetone. 
Eight of the normal animals were studied for 
plasma fat and 5 of that number for blood acetone. 

Attention should be drawn to the fact that some 
of the antuitrin T that was used had been heated 
at a temperature of between 95 and go degrees C. 
and pH 7 for 1 hour. This heated product caused 
the usual changes in fat, in connective tissue, and 
in organs just as the unheated product did (11). 

The leucocytes from the circulating blood of 
these animals were studied. The cells were drawn 
up in a pipet from the buffy coat of the centrifuged 
blood. The cells were smeared on a clean slide, 
fixed in formalin and stained with scarlet red and 
hematoxylin. Such preparations were made in 
duplicate and triplicate to avoid misinterpretation 
of artifacts. This procedure served as a means of 
judging the presence of fat droplets in the leuco- 
cytes of the blood stream. 


The liver, spleen, temporal muscle, cardiac 
muscle, lung, thyroid, orbital contents and fat 
from several depots, including periureteric, axil- 
lary, cervical and testicular fat were all studied 
microscopically. These were fixed in 10 per cent 
formalin, sectioned on a freezing microtome and 
stained with scarlet red and hematoxylin. The 
pathologic changes were graded on a basis of 1 to 
4 (1 being the slightest discernible change and 4 
being the most striking). 


RESULTS 


As described previously (10), antuitrin T caused 
the animals to become inactive, muscularly weak 
and rough-coated within a few hours. The same 
animals which were most profoundly affected had 
grossly cloudy blood plasma. 

The development of histologic changes. The ab- 
normal appearance of fat in many different tissues 
was very evident in animals which had received a 
single administration only a few hours before. The 
liver, muscle, kidney, epithelial cells from several 
locations, the reticulo-endothelial cells of the lung 
and spleen and the polymorphonuclear leucocy tes, 
tissue macrophages and fibroblasts of connective 
tissue throughout the body were sites of abnormal 
quantities of fat. The degree of change with re- 
gard both to the deposition of fat in abnormal 
quantities in various locations and to the develop- 
ment of the cellular reaction (with phagocytosis) 
in the connective tissue, became more evident as 
time elapsed following the injection of antuitrin T. 
Two animals which received antuitrin T for only 
3% hours before they were killed showed changes 
which could be graded only 1 to 2. Two other 
animals killed in 5 hours showed changes which 
were graded 2 to 3. By 21 and 24 hours these 
changes were striking, being graded 3 to 4. The 
tissue changes in these animals after a single in- 
jection were compared with those that were found 
after numerous daily administrations of antuitrin 
T (11). In animals treated for longer periods 
there were a decreasing amount of phagocytosis 
of fat and less fat in the liver, kidneys, muscle 
fibers and so forth. The new cellular elements 
appearing in the connective tissue remained strik- 
ing, but the fat droplets in such cells progressively 
diminished as longer periods of administration of 
antuitrin T were observed. 

During the first few hours after the administra- 
tion of antuitrin T the cellular reaction in con- 
nective tissues consisted of relatively more poly- 
morphonuclear leucocytes and large tissue macro- 
phages. After longer periods the polymorphonu- 
clear leucocytes had become relatively infrequent 
and fibroblasts and lymphocytes had increased. 
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Fig. 2a. 

Fig. 2. Microscopic deposition of fat in the liver of ani- 
mals receiving antuitrin T (x285). a, Three and a half 
hours after administration of antuitrin T. b, Five hours 
after. c, Twenty-four hours after. 


The lymphocytes did not contain demonstrable fat 
droplets. Several things suggested a transforma- 
tion from large mononuclear macrophages into 
fibroblasts. The incidence of fibroblasts seemed 
less very early but more common later. Cells 
could be found in all stages of transformation. 
Fibroblasts contained fat droplets just as were 
found in the macrophages but the quantity of fat 
contained had become less prominent (Fig. 1). 
These cellular changes were thus found to be a 
forerunner to the increase of connective tissue 
throughout the body, seen particularly well in fat 
depots and described elsewhere (11). After 15 or 
more days of daily administration of antuitrin T, 
the acute phase of the reaction had seemingly 
passed and in its place an increase of connective 
tissue was found. 

The sequence of changes induced in the liver. Spe- 
cial attention was directed toward a sequence of 
changes in the liver. It was known from former 
experiments (11) that antuitrin T caused the 
appearance of fat in the liver. In 3% hours very 
minute droplets of fat could be seen in the margin 
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of the hepatic cells bordering the blood sinusoids. 
In 5 hours the fat droplets were larger and more 
numerous but still occupied that portion of the 
hepatic cells bordering the blood sinusoids. The 
fat was somewhat more abundant in the periportal 
region of each liver lobule than in other regions. 
Finally, in 24 hours the hepatic cells were almost 
completely filled with fat droplets (Fig. 2). These 
changes were all induced by a single injection of 
antuitrin T. This progressive accumulation of fat, 
entering hepatic cells next to the blood sinusoids, 
adequately supports the hypothesis that fat is 
transported to the liver via the blood stream. An 
increased presence of fat in the periportal region 
of the lobule contributes additional support. 

Changes induced in the thyroid epithelium. The 
epithelium of the thyroid gland contained many 
tiny fat droplets in the cytoplasm of the cell 24 
hours after administration of a single large dose of 
antuitrin T. The fat droplets were most numer- 
ous toward the base of the cell. Such droplets 
were not demonstrable in the thyroid cells of 
normal animals. Although this observation was 
made rather consistently, the relationship of these 
fat droplets to the developing hyperplastic state 
in the cells is not understood (Fig. 3). 

Changes induced in the harderian gland. The 
harderian gland, which lies within the orbit inside 
the periorbita, isa ceruminous gland. Its waxlike 
contents stain deeply with scarlet red. After the 
administration of antuitrin T the normal waxlike 
contents of the cells of this gland were reduced 
in some animals in which considerable alteration 
of fat was observed elsewhere in the body. How- 
ever, the fact that the fat changes in this gland 
in some animals were not consistent with other 
fat changes casts some doubt on this relationship. 

Results of plasma fat determinations. The pres- 
ence of lipemic plasma in many of these animals 
which were treated with antuitrin T has been 
mentioned. Quantitative determinations of plas- 
ma lipoids reveal considerable elevation of total 
lipoids after administration of antuitrin T. The 
plasma lipoids ranged from 140 milligrams to 400 
milligrams per 100 cubic centimeters of plasma in 
the 8 normal animals. Animals killed 3% to 5 
hours after administration of a single dose of 
antuitrin T showed no appreciable rise of plasma 
lipoids when compared with normal animals. On 
the other hand after 21 to 24 hours plasma lipoids 
were found to be as high as 1,050 milligrams per 
100 cubic centimeters of plasma. Only 2 of 8 such 
animals were found to have plasma lipoid levels 
which were within the range of the normal animals. 

Results of blood acetone determinations. Blood 
acetone was calculated in terms of beta-oxybu- 
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tyric acid. Blood acetone of 5 of the 8 normal 
animals was determined. The range in these 
animals was 1.9 milligram to 3.3 milligrams per 
100 cubic centimeters of whole blood. Seven of 
the eight animals which were killed in 21 to 24 
hours after a single injection of antuitrin T were 
studied for blood acetone. In this group of ani- 
mals the range was 7.4 milligrams to 12.9 milli- 
grams per 100 cubic centimeters of whole blood. 
Although the method of determining blood ace- 
tone may be open to some criticism, the results 
suggest a change in these animals that have re- 
ceived antuitrin T. 

Results in animals treated with so called purified 
thyrotropic factor. Two animals received 1 cubic 
centimeter of so called purified thyrotropic factor 
containing 5 Rowlands-Parkes units' and were 
killed in twenty hours. The plasma fat was not 
elevated in one (280 mgm. per 100 c.c. of plasma) 
and only very slightly elevated in another (440 
mgm. per 100 c.c.). Blood acetone in these ani- 
mals was 9.4 milligrams and 8.2 milligrams per 
100 c.c. of blood respectively. 

Animals receiving the specific metabolic prin- 
ciple showed no appreciable change in plasma fats 
nor in tissue. 

Cellular changes induced in blood by thyrotropic 
hormone. This report is based on the following 
animals: 5 received antuitrin T, 3 received a 
crude thyrotropic preparation, 3 received specific 
metabolic principle and 4 were normal animals. 
Most interest centers about the animals which re- 
ceived antuitrin T. Not only was there an in- 
crease in the thickness of the buffy coat of the 
blood of animals treated with antuitrin T but the 
polymorphonuclear cells were in great excess. A 
differential leucocyte count on the animals given 
antuitrin T revealed that 82 to 94 per cent of the 
cells were polymorphonuclear leucocytes in 4 of 
the 5 animals. This is in marked contrast to the 
normal animals, which had 5 to 14 per cent of 
polymorphonuclear leucocytes in 3 of 4 animals. 
In the fourth animal the proportion was 50 per 
cent. Because of the striking increase of the thick- 
ness of the buffy coat in the blood of animals 
treated with antuitrin T, it may be assumed that 
the reversal of the ratio represented a polymor- 
phonuclear leucocytosis. 

A crude thyrotropic preparation caused a poly- 
morphonuclear leucocyte response in the circu- 
lating blood similar to that produced by antuitrin 
T. The specific metabolic principle caused a 
similar response in 2 of the 3 animals. 

1One Rowlands-Parkes unit is that amount which when injected dail 


for 5 days into a 200 gram female guinea pig will cause the thyroid t« 
double its weight or attain a weight of 60 milligrams 10). 
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Fig. 3. Fat droplets in the thyroid epithelium 24 hours after administration 
of a single large dose of antuitrin T (scarlet red and hematoxylin. 300). 


Studies on Exophthalmos Produced by Thyrotropic Hormone. III. Further 
Study of Changes Induced in Fat Thyrotropic Hormone (Tissue Reactions 
Associated with Exophthalmos).—Brown M. Dobyns 
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The fat stained smear of the cells comprising the 
yuffy coat showed fine droplets of fat in the poly- 
morphonuclear cells. These fat droplets were very 
ibundant and large in animals treated with antui- 
trin T but they were relatively small and much 
ess frequent in the cells of the blood of normal 
inimals or animals that had been treated with 
specific metabolic principle. Animals that had 
been treated with the crude thyrotropic prepara- 
ion showed some increase of fat in polymorpho- 
iuclear leucocytes but less than the increase in 
inimals treated with antuitrin T. A rather defi- 
1ite correlation was found between the presence of 
‘at droplets in the cellular elements appearing in 
‘onnective tissue and the presence of fat in the 
»olymorphonuclear leucocytes of the circulating 
blood. 


COMMENT AND CONCLUSIONS 


In a former publication (11) there was described 
»hagocytosis of fat in the cells which were taking 
yart in the connective tissue reaction in animals 
which received pituitary thyrotropic preparations. 
\ssociated with this change were the rapid re- 
/lacement of fat in fat depots by a clear gelatinous 
substance and the appearance of fat in many 
locations, including the liver, muscle and various 
epithelial and reticuloendothelial cells. In this 
study it has been found that after a single admin- 
istration of thyrotropic hormone (antuitrin T 
especially), there is a rise of the plasma lipoids and 
of the blood acetone simultaneously associated 
with changes of the lipoids in many organs. These 
data further contribute to the belief that fat is 
being rapidly mobilized. 

Studies of the liver reveal a progressive depo- 
sition of fat in the hepatic cells first appearing 
within a few hours in the edge of the hepatic cell 
bordering the blood sinusoids and progressively 
occupying more and more of the cytoplasm of the 
hepatic cells. Best and Campbell have shown 
that whole anterior pituitary extract caused fine 
droplets of fat to appear in the hepatic cells. This 
was most striking in 3 days but considerably less 
after g days. This has been confirmed with the 
thyrotropic preparations used in these experi- 
ments. 

Anselmino and Hoffman recognized a ketogenic 
property in thyrotropic hormone but reported 
that the ketogenic action took place only if the 
thyroid was present. In contrast, Houssay and 
Rietti reported such a ketogenic substance which 
acted in the absence of the thyroid. In the investi- 
gation described here only intact animals were 
used to illustrate the elevation of plasma fat and 
blood acetone. However, all of the other tissue 
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reactions which were associated with the changes 
of plasma fat and blood acetone have been found 
in thyroidectomized animals just as they were 
found in intact animals (11). 

It has been the belief of Boyd and Wilson that 
the polymorphonuclear leucocytes did not par- 
ticipate in the transportation of fat. In these ex- 
periments on the influence of thyrotropic hormone 
in which there was evidence of rapid transfer of 
fat there was also evidence that polymorphonu- 
clear leucocytes of the blood stream contained 
more fat than normally. Presumably they par- 
ticipated in the transfer of fat. Furthermore, 
polymorphonuclear leucocytes are found in great 
abundance in fat depots and they also are heavily 
laden with fat here as well as in the blood stream. 

By chemical analysis but not by histologic 
technique, Dible and Libman have demonstrated 
an increase of muscle fat of the fasting animal. | 
have illustrated elsewhere (11) an increase of mus- 
cle fat by histologic technique; however, the 
amount of muscle fat found in these fasting ani- 
mals is very slight compared with the extreme 
amounts seen soon after the administration of 
thyrotropic hormone. 

Paulson (16) has described changes in hema- 
toxylin and eosin preparations of the harderian 
glands, which he interpreted as degenerative. In 
the studies described here, using fat staining tech- 
nique, it seems that the changes in the vacuolation 
of the cells in some animals receiving antuitrin T 
represent changes in the amount of lipoid content. 
The connective tissue reaction found there is 
probably a part of the generalized connective 
tissue reaction found throughout the body. 

There is a very interesting correlation between 
the elevation of the plasma lipoids and the appear- 
ance of lipoid in the liver. In 3% to 5 hours the 
appearance of lipoid in the liver was compara- 
tively slight. It was in these animals that normal 
plasma lipoid levels were found; however, after 21 
to 24 hours the livers were loaded with fat and in 
the same animals most of the plasma lipoids were 
found to be elevated. 

In a previous publication (11), I pointed out 
the correlation between exophthalmos and the 
changes in fat with associated connective tissue 
reaction when thyrotropic hormone was given. 
MacKay and Sherrill have shown a diminution of 
the lipoid content of the bodies of thyroidectom- 
ized rats, while the body weight remains the same. 
Whether the fat is catabolized is uncertain. I 
have shown that thyroidectomy in guinea pigs and 
man results in an increase of the prominence of the 
eyes. This fact also suggests a relationship be- 
tween fat metabolism and exophthalmos, 
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It is a well known fact that in clinical subjects 
following thyroidectomy the blood lipoids tend to 
rise and the basal metabolic rate falls. Soley (23, 
24) and I (g) have both shown that with such a fall 
of the basal metabolic rate there is an associated 
increase of the prominence of the eyes in clinical 
subjects. That there may be similarity in these 
two groups of circumstances seems possible. 


SUMMARY 


The edema and cellular reaction in connective 
tissue of animals made exophthalmic with thyro- 
tropic hormone have been studied more exten- 
sively than in former investigations. 

Following the administration of thyrotropic 
hormone the appearance of fat in the liver, skel- 
etal and cardiac muscle, epithelial cells of several 
locations, phagocytic cells in the lungs, spleen and 
lymph nodes and io polymorphonuclear leuco- 
cytes and tissue macrophages has been further 
studied with respect to the sequence of events 
taking place. The earliest cellular reaction was 
composed principally of polymorphonuclear leu- 
cocytes and macrophages but later lymphocytes 
and fibroblasts which had transformed from 
macrophages were most numerous. These fea- 
tures have developed simultaneously with the 
exophthalmos. 

The sequence of appearance of fat in liver cells 
was demonstrated first as tiny fat droplets adja- 
cent to blood sinusoids and later occupying the 
entire cell. 

The demonstration of the appearance of tiny 
fat droplets in the cytoplasm of the thyroid epi- 
thelium at a time when the gland was becoming 
rapidly hyperplastic from the administration of 
thyrotropic hormone was an observation which 
was presumed to be related to the other phenome- 
na observed. 

The plasma fat and blood acetones became ele- 
vated simultaneously with the changes in the 
lipoid content of many organs. 

Associated with these changes was a polymor- 
phonuclear leucocytosis. These cells were found 
to contain an excessive number of fat droplets in 
contrast to cells in the blood stream of normal 
animals. It is presumed that these fat laden poly- 


morphonuclear leucocytes in excessive numbers 
in the blood stream have some relation to the 
similar cells which contain fat and are so abundant 
in fat depots and connective tissue. 

These studies shed additional light on the 
round cell infiltration described by others in 
exophthalmic animals and perhaps in man. Clin- 
ical observations are briefly discussed in the 
light of these findings. 


Note. Since the completion of this investigation there has 
appeared in the literature a study by Rundle and Pochin 
which indicates an increase in the fat content of eye muscles 
in cases of exophthalmic goiter. Clin. Sc., 1944, 5:51-74. 
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SPONTANEOUS GASTROINTESTINAL BILIARY FISTULAS 
N. FREDERICK HICKEN, M.D., and Q. B. CORAY, M.D., Salt Lake City, Utah 


ONTRARY to accepted opinions spon- 
taneous gastrointestinal biliary fistulas 
are not medical curiosities. Kehr (11) 
encountered 1oo such fistulas during the 
outine performance of 2,000 cholecystectomies. 
-uestow found that 3.5 per cent of all patients 
aving operation on the biliary tract had these 
roublesome complications. The 15 cases forming 
he basis of this report represents an incidence of 
\.2 per cent. Therefore, one of every 25 patients 
equiring surgical therapy for disorders of the 
iliary tract will possess some variety of internal 
iliary fistulas. 


PATHOLOGY 


Gastrointestinal biliary fistulas are always 
econdary to other pathological processes. It is 
nteresting to note that gall stones proved to be 
he provocative agent in go per cent of reported 
ases. The close proximity of the gall bladder 
and choledochus to the duodenum invites the 
eroding calculi to escape into this portion of the 
alimentary tract. Six per cent of these spon- 


taneous fistulas are produced by perforating 
peptic ulcers. If the ulcer is situated on the posterior 
surface of the duodenum they usually perforate 


into the choledochus, while those located on the 
lateral duodenal wall ulcerate through into the 
gall bladder. Gastric ulcers, on the other hand, 
invariably involve the gall bladder. Cancer of 
the stomach, pancreas, gall bladder and common 
bile duct produces a degenerative necrosis of 
contiguous viscera so that a variety of internal 
biliary fistulas result. We have seen one chole- 
cystogastric and one choledochopancreaticoduo- 
denal fistula associated with invasive neoplasms. 

An anatomic study of 272 gastrointestinal 
biliary fistulas reveals the incidence with which 
the various organs are involved. The gall bladder 
was involved in 88 per cent, and the common bile 
duct in 11 per cent. The gastrointestinal com- 
ponent consisted of the duodenum in 69 per cent, 
colon in 26 per cent, and stomach in 4.4 per cent. 
Other fistulas were so rare as not to require nota- 
tion. 

The biliary dysfunctions following the forma- 
tion of the gastrointestinal fistula depends largely 
on the nature of the causative lesion (9). Two 
courses are open, either the fistula closes spon- 
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taneously or serious disturbances of the hepto- 
biliary system result. There is abundant evidence 
indicating that these fistula can and do heal 
voluntarily. Numerous cases have been reported 
wherein all biliary symptoms subsided after the 
gall stones had eroded into the duodenum and 
escaped with the feces. Two of our patients 
passed very large gall stones per rectum and yet 
subsequent operations failed to reveal any com- 
munication with the intestinal tract. In each 
instance the gall bladders and duodenum were so 
adherent to each other that they formed a homog- 
eneous mass of scar tissue. Apparently the gall 
stones, by a process of ulcerative necrosis, had 
escaped into the duodenum and the fistulous 
tract had been obliterated by fibrosis. We have 
seen cholecystoduodenal fistulas close spontane- 
ously as soon as the provocative duodenal ulcer 
had become quiescent under strict management. 

As a rule, however, the formation of these 
internal biliary fistulas intensifies the existing 
hepatic dysfunctions by producing a suppurative 
cholangitis, hepatitis and obstructive jaundice 
(3). Why do spontaneous biliary intestinal 
fistulas invariably produce a suppurative cholan- 
gitis while this complication seldom accompanies 
similar operative fistulas? In both instances 
regurgitated intestinal contents can be found in 
the biliary radicals. The explanation lies in the 
fact that pathological fistulas have a concomitant 
choledochal obstruction with the resulting stasis 
of bile. For example, before a migrating gall 
stone, a perforating ulcer, or a necrotizing malig- 
nant growth can produce an internal biliary fistula 
they provoke such an intense inflammatory swell- 
ing of contiguous tissues that a compressive 
occlusion of the common bile duct occurs. When 
the static bile becomes infected, the ensuing 
pancreatitis and cholangitis intensifies the chole- 
dochal obstruction. 

Cholangiographic studies, performed on the 
operating table, indisputably confirm the presence 
of choledochal obstructions. In all of our opera- 
tive cases the terminal choledochus was so com- 
pletely occluded that injected diodrast could not 
be forced through the ampullary opening into the 
duodenum. Figures 2, 3, and 5 reveal that in- 
gested barium is still incarcerated in the common 
bile duct 6 hours after the main body of the 
barium meal has passed from the duodenum into 
the lower leum and colon. Tracey and McKell 
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a 

Fig. 1. a, The preploric area of the stomach is occluded 
by an infiltrating, proliferative tumor. The barium was 
seen to pass from the stomach through a fistula into the 
gall bladder but none of the barium traversed the cystic 
duct. Note the presence of gall stones. b, A progress film 
taken 6 hours later shows some of the barium in the intra- 


encountered sufficient enlargement of the common 
bile duct to warrant a choledochotomy in 74 per 
cent of their cases of internal biliary fistulas. We 


Stone in a 
Gall bladdem 


‘ 


Fistula 


a 

lig. 2. a, Under fluroscopic vision the barium was seen 
to enter the gall bladder through a duodenal fistula and 
then flow through the cystic duct into the choledochus. 
Observe the pronounced dilatation of the bile ducts indi- 
cating an ampullary obstruction. The gall bladder contains 
gall stones. b, Same patient 6 hours later demonstrating 


Fistulous te 


Bariu 


hepatic bile ducts indicating patent cystic duct. The gall 
bladder still retains some barium even if the main barium 
meal has progressed to the colon. Cholecystogastric sinus 
is patent but provides inadequate drainage. 


believe that the obstruction of the common bile 
duct with the ensuing biliary stasis constitutes 
the most important pathological condition en- 
countered in these cases and it must receive pri- 
mary consideration. 


a complete retention of the choledochal barium because of 
an ampullary obstruction. Note that the barium has es 
caped from the stomach and duodenum yet the common 
bile duct cannot evacuate its content through the ampulla 
of Vater. The dilatation of the extrahepatic and intrahe 
patic bile ducts signifies a chronic obstructive process. 
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a 
Fig. 3. a, The barium meal was seen to pass from the 
iodenum into the upper segment of the common bile 
ict by means of a choledochoduodenal fistula. No barium 
caped into the gall bladder until the entire common duct 
is filled, and then the barium seeped along the patent 
stic duct. The dilatation of the bile ducts indicates the 


SYMPTOMS 
Gastrointestinal biliary fistulas produce no 
dentifying group of symptoms but rather mimic 


ihe characterizing syndromes of the parent patho- 
logic conditions from which they arise. For 


example, there are no special signs to tell whether 
a peptic ulcer has merely perforated into the 
periduodenal tissues or actually eroded into the 


common bile duct. Likewise, an obstructive 
carcinoma of the stomach seldom announces that 
it has ulcerated into the gall bladder thereby 
producing a cholecystogastric fistula. The jaun- 
dice, colic, and septic reactions accompanying a 
choledochal stone cannot be differentiated from 
those arising with a choledochoduodenal fistula. 
So confusing is the clinical picture that the phy- 
sician seldom makes a preoperative diagnosis 
unless the fistulas have been inadvertently dis- 
covered by the radiologist (2). 

It has been pointed out that the formation of 
the internal biliary fistula might result in a sudden 
cessation of all pre-existing complaints (11). 
This is particularly true if the newly formed 
fistula effectively drains the static bile. While 
such fortuitous circumstances are not usual they 
do occur. We agree, with Puestow, however, 
that the formation of the fistula usually intensifies 
the patient’s discomfort. Nausea, vomiting, 
chills, fever, jaundice, and colic usually compel 
them to seek relief. 


SPONTANEOUS GASTROINTESTINAL 


BILIARY FISTULAS 


presence of a chronic ampullary obstruction. b, A film 
taken 6 hours later clearly outlines the dilated choledochus 
and reveals barium in the intrahepatic radicals. Note 
the complete ampullary obstruction which is present. 
This finding has been constant in all cases of biliary intes 
tinal fistula. 


DIAGNOSIS 


The preoperative recognition of gastrointesti- 
nal biliary fistulas depends entirely on the radi- 
ologist. In reviewing the literature Borman and 
Rigler found that of 267 fistulas only 86 were 
recognized preoperatively and in each instance 
the diagnosis was made by the roentgenologist. 


This represents a reflux filling of the common 
bile duct associated with a duodenal ulcer. Note the ir- 
regular appearance of the duodenal cap. The biliary 
radicals were not dilated. A film taken one hour later 
failed to outline the choledochus for the barium has escaped 
back into the duodenum and passed into the lower intesti- 
nal tract. 


Fig. 4. 
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In their personal series of 24 cases they made a 
correct radiological diagnosis in but 37 per cent. 
Garland and Brown were able to make a diag- 
nosis of gastrointestinal biliary fistula in 5 cases 
which they studied and they assert it is the only 
method of making an accurate diagnosis. 

The roentgenographic demonstration of in- 
gested barium, or gas, or both in any segment of 
the biliary tract is presumptive evidence of a 
fistulous communication with the gastrointestinal 
tract (12). The most important single finding is 
the presence of barium in the biliary radicals. In 
only 2 other conditions does barium have access 
to the bile ducts. One of these is in the presence 
of operative internal biliary fistula and the other 
is where the barium regurgitates along a gaping 
common duct when the sphincter of Oddi is re- 
laxed. Fluroscopic studies usually afford an effect- 
ive means of differentiation. 

Cholecystogastric fistulas are recognized by 
the passing of the barium from the stomach, 


Fig. 5. a, The ingested barium outlines a normal 
stomach—a spastic pyloric ring and an irregular duodenal 
cap. The barium passed from the duodenum into the gall 
bladder, thus making the diagnosis of a cholecystoduodenal 
fistula secondary to a peptic ulcer. b, After the abdomen 
is opened the distended gall bladder was injected with 70 
per cent diodrast. Observe the distended gall bladder and 
the escape of the diodrast through the fistula into the 
duodenum. The common bile duct is well visualized and 
no stones were detected. c, The cholecystoduodenal 
fistula was occluded by means of a rubber shod clamp. The 
cholangiogram taken 20 minutes later demonstrates stasis 
of contrast media, for practically none of the diodrast 
escaped through the ampulla of Vater into the duodenum. 
This film confirms our contention that most internal 
biliary fistula have a concomitant pancreatitis which pro- 
duces a partial or complete obstruction of the choledochus. 


through the pathologic stoma into the gall bladder 
(Fig. 1a). After filling this viscus the contrast 
medium flows through the patent cystic duct 
into the common bile duct (13). Usually the 
sphincter of Oddi is so spastic and the pancreas so 
swollen that they effectively obstruct the ampulla 
of Vater, thus preventing the barium from es- 
caping into the duodenum. This observation is 
very important (Fig. 2). 

Cholecystoduodenal fistulas present a different 
picture. The barium first fills the stomach and 
then passes through the pylorus into the duode- 
num whence it gains entrance to the gall bladder 
through the fistulous tract (Fig. 5). The common 
bile duct is not visualized unless the cystic duct 
is patent. 

In choledochoduodenal fistulas the, barium 
will be seen to enter the duodenum in a norma! 
manner and then flow through the fistula into 
the common bile duct (Fig. 3, a). It is important 
to note that the barium always fills the lower 





= = S+S =} “*. sh 


— 


HICKEN Et AL: 


end of the choledochus first and after it becomes 
filled, the barium ascends along the common bile 
duct, flows through the patent cystic duct, and 
fills the gall bladder. Progress films invariably 
reveal the barium to be incarcerated in the com- 
mon bile duct 6 to 12 hours after the ingested 
barium has passed from the duodenum into the 
lower intestinal tract (Fig. 3, b). 

Fortunately the reflux regurgitation of the 
barium meal along the atonic common bile duct 
occurs very infrequently and presents certain 
identifying signs (13). Fluroscopically the barium 
can be seen to pass from the stomach into the 
duodenum, and as the duodenum becomes dis- 
tended the barium slowly ascends the ampulla 
of Vater and completely fills the dilated common 
duct in a progressive manner (Fig. 4). The bari- 
um, however. does not remain in the common 
duct but readily escapes through the gaping 
sphincter of Oddi and goes along with the main 
barium meal into the lower segment of the bowels. 
This passage of bile is in striking contrast to the 
choledochal retention seen in all cases of gastro- 
intestinal biliary fistulas. 

The presence of gas within the lumen of the 
gall bladder or the regional bile ducts furnishes 
indisputable x-ray evidence of a spontaneous 
gastrointestinal biliary fistula; provided one 
eliminates similar gaseous shadows associated 
with an emphysematous cholecystitis (16), re- 
gurgitation of gas along an atonic choledochus, or 
through an operative fistula. Rees (13) asserts 
that the reflux regurgitation of intestinal gases 
through an atonic sphincter of Oddi is so infre- 
quent that it need not be considered. The uti- 
lization of barium meal usually provides accurate 
differentiation. McCorkle and Fong (10) empha- 
size the fact that in an emphysematous chole- 
cystitis the gas, derived from bacterial action, 
is usually confined within the gall bladder. In 
rare instances they were able to demonstrate 
bubbles of gas loculated within the walls of the 
gall bladder or confined to the pericholecystic 
structures. This finding indicates an extension of 
the phlegmonous process. If the films are taken 
with patient in an upright position one can 
occasionally detect the fluids in the lower portion 
of the gall bladder supporting an upper stratum 
of gas. Duodenal intubation may permit the 
recovery of Bacillus welchii organisms. 

Borman and Rigler maintain that the radiolo- 
gist is so accustomed to seeing gas in the duode- 
num and colon that he frequently fails to con- 
sider the possibility that isolated bubbles of gas 
may be incarcerated in the biliary system. If the 
gas is confined within the common bile duct it 
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assumes a tubular shape which corresponds to 
the anatomic position of the choledochus. This 
gas bubble maintains a constant position which is 
not the case with collection of intestinal gases. 
Confirmatory evidence can be obtained by the 
administration of a barium meal. 

When the diagnosis of internal biliary fistulas 
has been established the radiologist should make 
an attempt to determine the patency of the 
intestinal tract (2). If the migrating stones are 
large enough they frequently produce an acute 
intestinal obstruction. Scout films may furnish 
indirect evidence by revealing the presence of 
gaseous distention, loculated pockets of intestinal 
fluids, or by localizing the offending stones. If the 
clinical picture is not that of complete obstruction, 
the ingestion of a thin mixture of barium is most 
helpful. Such information is invaluable, for the 
surgeon cannot hope to correct the biliary fistula 
while the intestinal tract is obstructed. The ob- 
structive complication requires primary con- 
sideration. 

Cholecystcolic fistulas are usually identified 
by a barium enema. If such enema does not out- 
line the fistulous tract Faust and Mudgett found 
that the use of double contrast enema causes the 
insufflated air to pass through the patulous fistula 
so that the gas filled biliary system becomes 
visible. 


SURGICAL MANAGEMENT 


Patients having internal biliary fistulas are not 
good surgical risks. Dehydration, acidosis, toxemia, 
hypoproteinemia, all combine with the coexisting, 
cholangitis, pancreatitis, and biliary obstructions 
further to depress essential functions of the liver. 
It requires several days of a carefully planned 
preoperative regimen before these patients can 
safely assume the added burdens of an operation. 
To ignore this essential preparation is to invite a 
high morbidity and mortality rate as indicated 
by reported cases. 

There is no single operation which can be em- 
ployed to correct all of these abnormal biliary 
fistulas. The remedial procedures depend on the 
viscera involved, the size and location of the 
fistulous orifices, the presence of obstructive 
pancreatitis, cholangitis, subhepatic abscesses, 
and choledochal stones. Each case must be in- 
dividualized. 

Fistulas between the gall bladder and the gastro- 
intestinal tract. Our plan has been to open the 
abdomen and make thorough palpatory exam- 
ination to determine the location and extent of 
the provocative lesions, i.e. gall stones, peptic 
ulcers, or new growths. The gall bladder and its 
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fistulous tract are not molested until complete 
cholangiographic visualizations of the entire 
biliary system have been made (Fig. 5, b). Visual- 
ization is quickly accomplished by inserting 
a No. 20 gauge needle into the fundus of the 
exposed gall bladder and evacuating its fluid 
content; then about 30 cubic centimeters of 70 
per cent diodrast is introduced into the gall blad- 
der and an x-ray film is made. If the diodrast has 
escaped into the alimentary tract it clearly out- 
lines the size and position of the fistula. A soft 
rubber-shod clamp is applied to the sinus tract 
and an additional 30 cubic centimeters of diodrast 
is introduced into the gall bladder. As the con- 
trast medium cannot escape from the gall bladder 
through the fistula it will be compelled to flow 
along the cystic duct and fill all the biliary radi- 
cals (Fig. 5, c). This affords an excellent roent- 
genographic pattern of the bile ducts, noting 
stones, strictures, and choledochal obstructions. 
With such information the surgeon can intelli- 
gently plan the necessary corrective operations. 
When dealing with gastric malignant new 
growths which have extended into the gall bladder 
the invasive process is so extensive that resection 
is out of the question. The neoplastic process has 
usually compressed the common bile duct and the 
cholecystogastric fistula affords the only escape 
for the static bile. To molest the fistula is to 
invite a biliary peritonitis. We have found that 
the prepyloric carcinoma effectively blocks the 
pyloric outlet so that the increased peristalsis 
merely forces the gastric contents through the 
fistulous tract into the gall bladder, thus inciting 
a fulminating cholangitis. By the use of a gastro- 
jejunostomy the gastric obstruction can be 
partially overcome and the reflux of the irritating 
stomach contents into the gall bladder is thereby 
reduced. One of our patients lived for 6 months 
after such decompressive operation, free from 
biliary distress, only to die of coronary occlusion. 
If the cholecystogastric fistula has been caused 
by the migration of gall stones, it is imperative 
that the functional status of the common bile 
duct be determined before the fistula is disturbed. 
Should these visualizing cholangiograms demon- 
strate incarcerated choledochal stones, which they 
all too frequently do, then the common duct is 
opened and the offending calculi are removed. 
Now that the choledochus is patent the gall 
bladder and the fistulous tract can be safely 
excised, provided the patient’s condition warrants 
this additional surgery. In many instances the 
removal of the common duct stones still fails 
completely to remove the choledochal obstruction, 
for the associated pancreatitis effectively occludes 


the ampulla of Vater. Drainage of the common 
duct by indwelling catheters is then required. 
Should the gall bladder harbor calculi they are 
removed, and drainage of this viscus is instituted. 
When postoperative cholangiograms reveal the 
choledochus to be patent, all catheters are re- 
moved (7). It has been interesting to observe that 
in many instances the cholecystogastric fistula has 
closed spontaneously. Removal of the gall blad- 
der can be deferred until a more opportune time. 

The management of cholecystoduodenal fistulas 
requires special consideration. If produced by a 
penetrating peptic ulcer several plans can be 
followed. Gray and Sharpe advocate gastric 
resection combined with cholecystectomy and 
excision of the fistulous tract. Garland and 
Brown advise a gastric resection without mo- 
lesting the gall bladder or the fistula, stating that 
the abnormal fistulous tract will close spontane- 
ously. We have found that the perforating peptic 
ulcers are usually so large and so close to the 
common bile duct that resection of the ulcer 
presents technical difficulties. Merely to remove 
the stomach does not relieve the concomittant 
choledochal obstruction and these patients are 
prone to die from hepatic insufficiency. It seems 
that the suppurative cholangitis aggravated by 
the associated choledochal obstruction presents 
the major problem (1). 

Our plan has been to individualize each case 
after complete cholangiographic studies on the 
operating table are made. In the presence of 
choledochal obstruction, cholangitis, and impaired 
hepatic function, the common bile duct is opened, 
offending calculi are removed, and catheter drain- 
age is employed. The ulcer and fistula are not 
molested. Occasionally, the excavating peptic 
ulcer may be so large that much of the duodenal 
content flows into the gall bladder. Thus a 
fulminating cholecystitis, cholangitis, and pan- 
creatitis are incited. While it is desirable to resect 
such ulcers along with the stomach, the technica] 
difficulties which it presents seem insurmountable 
in these ill patients. Likewise, the succulent 
inflammatory tissue around the base of the ulcer 
precludes closure of the fistulous tract without 
producing duodenal obstruction. Under such 
circumstances, prolonged drainage by means of 
a choledochotomy and cholecystotomy has re- 
lieved the jaundice and permitted the ulcer to 
heal. Remedial gastric resections can be deferred 
until the patient’s condition improves. 

Choledochoduodenal fistulas. The vast majority 
of choledochal-duodenal fistulas are produced by 
migrating choledochal stones or from penetrating 
peptic ulcers. Experience dictates that the 
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choledochus does not evacuate all of its calculi 
through the fistulous tract but some stones may 
remain in the common bile duct. These offending 
calculi may be wedged in the ampulla of Vater or 
incarcerated in the common bile duct above the 
fistulous orifice. In one instance we found the 
common bile duct to contain 12 stones, and the 
fistulous tract was completely blocked by a mi- 
grating calculous, thus accounting for the pa- 
tient’s intense jaundice. Before the biliary tract 
is disturbed operative cholangiograms are em- 
ployed to determine the number and position 
of the offending calculi (Fig. 3). A choledo- 
chotomy with removal of the obstructive stones 
invariably effects a cure. The fistulous tract is 
not molested, unless it harbors a stone, for it 
invariably heals by the process of fibrosis. Usually 
the stone laden gall bladder is removed at this 
time. 

Penetrating peptic ulcers on the posterior wall 
of the duodenum present a much different prob- 
lem (Fig. 5). There is such an intense inflamma- 
tory reaction that the resulting fibrosis usually 
produces a permanent stricture of the common 
bile duct. In selected cases it seems wise to re- 
move the ulcer and stomach and to transplant 
the resected choledochus into the jejunum. If 
the patient’s condition precludes these extensive 
operations a cholecystogastrostomy or cholecys- 
tojejunostomy may suffice. Decompression of 
the obstructed common bile duct can be obtained 
by pulling a Levine tube from the stomach 
through the newly formed stoma so that its tip 
lies within the gall bladder lumen (8). Constant 
suction by the Wangensteen apparatus assures 
complete evacuation of the static bile. This pro- 
cedure has been described by us in a previous 
publication (8). 

Cholecystocolic fistulas. Cholecystocolic fistulas 
are difficult to handle because of the suppurative 
cholangitis and hepatitis incident to fecal con- 
tamination. The fistula usually communicates 
with the hepatic flexure of the colon and the in- 
flammatory reaction surrounding the sinus tract 
is so intense that the resulting mass may produce 
a partial or complete colonic obstruction. One 
has but to review the literature to become con- 
vinced that such patients do not survive a chole- 
cystectomy, resection of the colon, and a chole- 
dochotomy all in one stage. The primary consid- 
eration is to relieve the colonic obstruction and 
prevent reinfection of the biliary tract. This can 
be accomplished by an obstructive ileostomy 
which effectively shunts the fecal current. The 
distal loop provides an excellent channel for 
irrigating the ascending colon with effective 
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germicides which help to reduce the biliary tract 
infections. Sulfasuxadine will likewise reduce the 
bacterial flora of the intestinal tract and make 
subsequent operations safer. Under such con- 
servative management the inflammatory reaction 
about the fistulous tract soon subsides, permitting 
bile to drain into the colon, thus relieving the 
jaundiced state. When the patient’s condition 
permits, the fistula can be excised and the offend- 
ing gall bladder removed. Again, may we caution 
that it is essential to determine whether the 
common bile duct is patent; if not, choledochoto- 
my must be performed. Usually the pericolic 
inflammation will be minimal and the size of the 
fistulous orifice so small that it can be closed 
without resection of the large bowel. No attempt 
should be made to establish the continuity of the 
intestinal tract until the fistulous stoma is com- 
pletely healed. While this necessitates multiple 
operations a living patient is a happy reward. 


OBSERVATIONS 


The best treatment for gastrointestinal biliary 
fistulas is prevention. This can be accomplished 
by removing gall stones before they have time to 
initiate such undesirable complications. Peptic ul- 
cers, which have not responded to conscientious 
medical therapy should be treated by gastric re- 
section before they have had an opportunity to 
erode into the biliary tract. Early diagnosis of 
gastric malignant new-growths combined with 
radical surgical treatment can minimize these in- 
vasive complications. 

There are several problems which must be 
considered in the surgical correction of gastro- 
intestinal biliary fistulas. First, these patients 
must be carefully prepared to withstand the 
added burdens of anesthesia and surgical trauma. 
Second, the primary surgical consideration is to 
remove the obstructions of the common bile duct 
and institute drainage thereby alleviating the 
biliary stasis (1). Third, corrective operations, 
such as excision of the fistula, cholecystectomy, 
or gastric resection can usually be deferred until 
the patient has made a good recovery from the 
decompressive operation on the bile ducts. 

The mortality in the 13 operative cases was 
30 per cent. In each of these 4 patients who died, 
extensive remedial procedures were carried out 
at the initial operation. This convinced us of the 
wisdom of using multiple operations, particularly 
that of employing decompression of the common 
bile duct as the primary procedure. Since follow- 
ing this plan there were 8 patients with internal 
biliary fistulas which were operated upon, without 
a death. 
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SUMMARY 

1. Spontaneous gastrointestinal biliary tract 
fistulas occur in approximately 4 per cent of all 
patients requiring surgical therapy for disorders 
of the biliary tract. 

2. Gall stones, peptic ulcers, new-growths, and 
surgical trauma were the etiological agents in 272 
studied. This includes 15 personal cases. 

3. A preoperative diagnosis of gastrointestinal 
biliary fistulas cannot be made from clinical find- 
ings alone. Careful roentgenographic diagnosis 
affords the only method of making an accurate 
preoperative diagnosis. Characteristic roent- 
genographic findings in the various types of in- 
ternal biliary fistulas are described. 

4. Cholangiograms, performed on the operating 
table, afford an excellent method of visualizing 
the gall bladder, fistulous tract, and entire biliary 
tree. Cholangiograms determine the location and 
ramifications of the fistula and clearly depict the 
size of its orifices. Cholangiograms permit ac- 
curate localization and differentiation of existing 
choledochal obstructions, whether caused by 
stones, strictures, pancreatitis, carcinoma, ulcers 
or periductal inflammation. Such visualizing 


roentgenograms provide the surgeon with an 
accurate blueprint of problems confronting him. 

5. The principles of corrective surgery are 
discussed with particular emphasis on the value 
of multiple stage operations. 
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6. Thirteen patients were operated upon of 
whom 4 died, a mortality of 30 per cent. One 
patient having a cholecystoduodenal fistula was 
considered inoperable because of metastatic 
lesion to the lungs. 
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RUPTURES OF MALARIAL SPLEENS UNASSOCIATED 
WITH EXTERNAL TRAUMA 


R. RUSSELL BEST, M.D., F.A.C.S., Omaha, Nebraska, and JOHN F. SCHMID, M.D., 
Minneapolis, Minnesota 


T this time and for some time to come, the 
frequent occurrence of splenomegaly 
among our soldiers returning from the 
many parts of the world may be con- 

sidered a pathological complication of World War 
II. Most of these large spleens are a secondary 
manifestation of malaria. As our soldiers return 
from the various theaters and suppressive ata- 
brine therapy is no longer required, additional 
diagnoses of malaria will be made and more cases 
of large spleens will be encountered. The history 
will be important, but careful examination of the 
left upper quadrant will reveal splenomegaly in 
many cases, and this finding should make alert 
members of the profession to the potentiality of a 
higher incidence of spontaneous and traumatic 
rupture of the spleen. The enlarged spleen as- 
sumes greater surgical significance because it is 
more friable and fragile and also more vulnerable 
to trauma with resulting rupture and hemorrhage. 
This is emphasized in the report of Berger in 1902 
where in 123 cases of traumatic rupture of the 
spleen 93 showed evidence of malaria. 

More than 60 cases of apparent spontaneous 
rupture of the malarial spleen appear in the 
literature prior to 1895. None of these were 
operated upon, the diagnoses being made at 
autopsy. During the last 50 years, from 1895 to 
1945, 47 cases have been reported. For purposes 
of analysis, this has been divided into two 25 
year periods, namely 1895 to 1920 and 1920 to 
1945. During the first 25 year period, which in- 
cludes some of the early years in the development 
of abdominal surgery, 12 cases of spontaneous 
rupture of the malarial spleen were listed in a re- 
port by Leighton in 1921. We have undertaken 
to collect all the cases from the literature between 
1920 and 1945 and are able to report 35 cases. 

An analysis of the 12 cases in the period be- 
tween 1895 and 1920, reveals 6 deaths, a general 
mortality of 50 per cent. Five patients were not 
operated upon, the diagnoses being made at 
autopsy; a mortality of 100 per cent. Seven pa- 
tients were operated upon with 1 death—a 
mortality of 14.2 per cent. Of the patients 
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operated upon, 3 were splenectomized without a 
death, and 2 were treated by tamponment with 
the death of 1 several days postoperatively from 
anuria. In the 2 other cases, only exploration with 
removal of blood clots was carried out as the 
hemorrhage from the spleen had ceased. 

An analysis of the 35 cases reported between 
1920 and 1945 reveals 18 deaths, a general mor- 
tality of 51.4 per cent. Fourteen patients were 
not operated upon, the diagnoses being made at 
autopsy, a mortality of 100 per cent. Twenty-one 
patients were operated upon and there were 4 
deaths, a mortality of 19 per cent. Of these 21 
patients operated upon, 19 were subjected to 
splenectomy with 3 deaths, a mortality rate of 
15.7 per cent. Of the 2 other cases, one was 
treated by tamponment with recovery and the 
other was explored, splenic fragments only re- 
moved, and death followed. Of the 35 cases, 9 
patients had been inoculated with malaria for the 
treatment of lues and only 1 was diagnosed and 
subjected to successful splenectomy; the other 
cases were diagnosed at autopsy. 

The literature contains articles and case re- 
ports on spontaneous rupture of both the normal 
and pathological spleen. As to spontaneous 
ruptures of the normal spleen, we are inclined to 
agree with Roettig, Nusbaum, and Curtis in 
doubting its occurrence, and believe it should 
be placed in question. The case reports of Suss- 
man (7 cases) and Zuckerman and Jacoby (21 
cases) lend some arguments in favor of the normal 
spleen rupturing spontaneously but probably a 
more accurate statement would be that such 
spleens may not have presented discernible signs 
of abnormality or pathology at the time of exami- 
nation because the rupture occurred at the site of 
abnormality, destroying all evidence of previous 
pathology. The term “apparently normal spleen” 
might be more descriptive. The factor of internal 
strain or trauma is probably frequently associated 
with so called spontaneous rupture of the normal 
or pathological spleen. Such internal strain, as- 
sociated with muscular contractions or intra- 
abdominal pressure changes occurring with 
coughing, sneezing, yawning, vomiting, effort at 
the stool, and other body exertions must be con- 
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sidered. These academic factors may not be 
appreciated by the patient as far as their relation 
to his complaint of abdominal discomfort or pain 
is concerned. These are not unusual acts, and 
even the most minute questioning may not always 
extract the admission of their occurrence. 

The onset of spontaneous rupture of the ma- 
larial spleen may be insidious and not present 
the picture of hemorrhage or shock in the early 
stages. To be alert to its possible occurrence in 
unsuspected situations will avoid many fatalities. 
Analysis and comparison of the two periods in the 
last 50 years reveal no improvement in the 
general mortality and this 50 per cent mortality is 
based mostly on failure of diagnosis. Certainly 
the technical phases of splenectomy have im- 
proved. 

In the 3 cases reported in this paper, a moderate 
degree of pain in the left upper quadrant, without 
a history of external trauma and without the 
classical signs of hemorrhage or shock, would not 
have resulted in early diagnoses and immediate 
successful surgical intervention if attending 
personnel had not been acquainted with the fre- 
quent occurrence of splenomegaly among military 
men and the possibility of spontaneous rupture of 
the malarial spleen. 


Case 1. J. N. Malaria was first diagnosed in this case 
about January, 1943, in New Guinea. He was treated with 
quinine, atabrine and plasmochin and during the following 
12 months had two recurrent attacks. He returned to the 
United States on rotation in November, 1944, and ata- 
brine was discontinued. In January and March, 1945, he 
had recurrent attacks and was treated with atabrine. Dur- 
ing the second attack in March, he went to sick call in the 
morning and fainted while waiting. He was admitted to 
the hospital, Plasmodium vivax was demonstrated, and 
atabrine was started immediately. He complained of 
slight upper abdominal distress. During the afternoon of 
this day, he began complaining of more abdominal distress 
and weakness. About 10:30 that evening, he collapsed 
while making an effort in the bathroom. He was again seen 
by a medical officer. There was increased upper abdominal 
pain, and pain in the region of the left shoulder. The ab- 
domen was distended and there was tenderness over left 
upper quadrant and lumbar areas. There was no fluid 
wave or shifting dullness. The blood pressure was 65/30, 
pulse 104, hemoglobin 9.5 grams. With plasma and blood 
transfusion, his general condition improved. Intramuscular 
atabrine therapy was started. The patient was operated 
upon under nitrous oxide gas-ether-oxygen anesthesia and 
the spleen was removed. The peritoneal cavity contained 
free blood and clots. There were three definite points of 
rupture on the convex margins of the spleen. He made an 
uneventful recovery. 

Pathology: The spleen weighed 335 grams and was very 
friable. Serial sections showed a small infarct. Micro- 
scopic examination showed focal necrosis of malpighian 
bodies. Malarial parasites were seen. 

Case 2. H.C. This patient developed malaria in the 
South Pacific in September, 1944. He continued on sup- 
pressive atabrine therapy until the day of admission to the 
hospital 10 months later. For 1 week prior to entering the 
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hospital, he had been constipated and had had no bowel 
movement. On this morning, he went to the toilet, strained 
severely and at this time noticed a sudden, rather severe 
pain just to the left of the epigastrium and under the left 
costal margin. Following this, he felt nauseated and 
retched several times. He felt a little weak and returned to 
his bed to rest a little longer. In the afternoon, because of 
continued abdominal pain and marked distress in the 
region of the left shoulder, he entered the hospital. 

Examination revealed a soldier in apparent distress. 
His abdomen was quite rigid, more so on the left, and there 
was marked tenderness in the epigastrium and beneath the 
left costal arch. The, blood pressure was 100/54; hemo- 
globin 11 grams with 3,010,000 red blood cells per cubic 
centimeter. Platelets were 140,000. Prothrombin time was 
18 seconds for the patient and 17.5 for the control. In view 
of his history and the clinical findings, immediate operation 
was advised. Intramuscular atabrine therapy was started 
at once. On arriving in the operating room, his blood pres- 
sure dropped to 58/o as he was moved from the cart to the 
operating table. Plasma was started immediately but he 
had been typed so blood was available in a few minutes 
and a transfusion was given. The blood pressure returned 
to 90/40 and under nitrous oxide gas-ether-oxygen anes- 
thesia, the spleen was removed through a transverse ab- 
dominal incision. When the peritoneal cavity was opened, 
a large amount of fresh and clotted blood was encountered 
The spleen was palpated but no break in the capsule was 
found. Adhesions were very firm to the diaphragm. The 
splenic pedicle was gently exposed and a small vein, about 
1 millimeter in diameter, was seen to be bleeding rather 
freely as a clot was lifted from this area. With the applica- 
tion of a clamp to the vein, bleeding stopped. No break in 
the splenic capsule could be ascertained before removal of 
the enlarged spleen. There were several areas of subcapsu- 
lar hemorrhage. He made an uneventful recovery but a 
transfusion was given on the third postoperative day be- 
cause of a 9 gram hemoglobin and a 22 per cent hematocrit. 

Pathology: The spleen weighed 370 grams. On micro- 
scopic section, the germinal centers of the hyperplastic 
malpighian bodies were partially necrotic. Occasional 
ring forms and schizonts of Plasmodium vivax were present 
in the erythrocytes. 

Case 3. C. B. This patient had his first attack of 
malaria in North Africa and remained free from recurrence 
as long as he continued to follow the suppressive atabrine 
therapy religiously. On several occasions, he omitted tak- 
ing his daily tablet and within a matter of weeks he would 
have recurrent chills and fever. On one occasion when he 
had discontinued his therapy for some days, he had the 
opportunity and desire to eat an unusually heavy meal. 
That night he awakened about 1:00 a.m., felt nauseated, 
and induced vomiting by inserting a finger in his throat. 
While vomiting, he felt a severe, stabbing pain under the 
left costal margin and felt very weak on returning to his 
cot. He was unable to get much rest because of pain and 
the following morning reported for sick call. Because of 
pain and tenderness under the left costal arch, he was sent 
into the hospital. On examination, an enlarged and very 
tender spleen was palpated. There was tenderness in the 
epigastrium and left lumbar regions. Pulse was 94: 
systolic blood pressure 108, diastolic 64, hemoglobin 12 
grams with 4,200,000 red blood cells. He had an attack of 
chills and fever soon after reaching his bed, and by this 
time a positive malarial smear was reported. The patient 
remained very uncomfortable and stated that he felt 
something was pushing out his ribs. During the next 6 
hours, his pulse increased to 112, the blood pressure drop- 
ped to 96/60. With the history of malaria and the large, 
very tender spleen with muscle rigidity more marked over 
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left rectus and lumbar regions without urological symp- 
toms or positive urological findings by x-ray, the diagnosis 
of a ruptured spleen was made and operation advised. 
Through a transverse incision, the peritoneal cavity was 
opened. There was no evidence of free blood. The spleen 
was greatly enlarged and further exposure revealed a mas- 
sive subcapsular hematoma. While manipulating the 
spleen for removal, the capsule ruptured and a large 
hematoma was partially released. At this moment, the pa- 
tient’s general condition became rather poor, pulse became 
weak and blood pressure dropped. Plasma was started and 
he responded immediately. This was followed by whole 
blood, a donor having been selected before operation. He 
made an uneventful recovery. 

The pathologist reported a malarial spleen with par- 
asites present. 


Three types of rupture have been demonstrated 
in these cases—namely, rupture of capsule with 
free bleeding; subcapsular rupture with massive 
hematoma development beneath the capsule; and 
rupture of a vein in the splenic pedicle, associated 
with several small subcapsular hematomas. 

An analysis of these cases reveals that the pa- 
tients began having rather sudden, mild to 
moderately severe pain in the left upper quadrant 
with radiation varying to the epigastrium, left 
lower quadrant and lumbar regions. The onset 
may occur while the patient is apparently inactive 
or while making some slight exertion. Nausea or 
vomiting may be associated with this distress and 
there may be some feeling of weakness and a de- 
sire to rest and remain quiet. Two of these pa- 
tients had a positive Kehr’s sign with pain in the 
left shoulder, to which one should attach great 
significance in a suspicious or known case of 
splenomegaly as it usually means leakage of 
blood beneath the left side of the diaphragm. 
Ballance’s sign with percussion dullness in the 
left upper quadrant is not so important as to 
indicating blood in this area because of the al- 
ready enlarged spleen. However, it is significant 
as to the presence of a large spleen and the pos- 
sibility of spontaneous rupture. Tenderness and 
rigidity on the left side, including epigastric and 
lumbar areas, are most significant if there is a his- 
tory of malaria. A history of overseas service with 
prolonged suppresive atabrine therapy should 
alert one to malaria even in the face of no history 
of chills and fever. Pulse, blood pressure, and 
blood picture changes may not be present in 
these cases in the early period. With some, the 
typical picture of hemorrhage and shock in addi- 
tion to a suspicion or knowledge of splenomegaly 
can readily establish the diagnosis. 

In the differential diagnosis, perforated or 
penetrating peptic ulcer, ruptured gall bladder, 
mesenteric thrombosis, volvulus, renal colic, 
diaphragmatic pleurisy, pancreatitis and coronary 
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occlusion must be considered, but if the history 
can relate the heretofore mentioned facts regard- 
ing the possibility of malaria and splenomegaly, 
a prompt and probably correct diagnosis will 
be made immediately or after a few hours’ ob- 
servation. 

It is very advantageous in these cases that 
proper medical management be instituted im- 
mediately on diagnosis and, if possible, before the 
patient is operated upon. A chill occurring be- 
tween the period of diagnosis and splenectomy 
may not only prove hazardous for the patient but 
embarrassing to the surgeon and the anesthetist. 
Anesthesia and surgery are both factors which 
tend to precipitate recrudescence of malaria. 
Strong, in his text, cites Manson-Baker report- 
ing a reduction of red blood corpuscles by as 
much as one million per cubic millimeter with 
a single chill. 

Quinine dihydrochloride by intravenous route 
has long been advocated for malarial crises be- 
cause of the rapidity with which a high blood 
level is obtained. However, Hudson has empha- 
sized the fact that the peak level of quinine used 
intravenously is over within 30 minutes and that 
by large intramuscular doses of atabrine a quick, 
more sustained therapeutic level is attained. An 
effective plasma concentration is reached within 
15 minutes and maintained 6 hours by a 0.4 gram 
intramuscular dose. Consistent with this reason- 
ing and in an attempt to avoid the depression 
associated with large, rapid doses of quinine, ata- 
brine dihydrochloride was selected for treatment 
in these cases. Upon diagnosis and before the 
patient was operated upon, a 0.4 gram dose of ata- 
brine dihydrochloride was given intramuscularly, 
half of the dose into each buttock. Thereafter, 
0.2 gram were given intramuscularly every 8 
hours until the patient could tolerate oral medica- 
tion. Usually this occurs within 24 to 72 hours 
postoperatively and atabrine 0.1 gram is given 
three times daily for about 6 days or until 2.8 
grams have been administered. Sodium bicarbo- 
nate was employed in 1 gram doses three times 
daily with the oral atabrine. Each patient was 
continued on suppressive atabrine therapy (0.1 
gram daily) for a 30 day period following the 
emergency. In these cases, one or more trans- 
fusions of whole blood supplemented each opera- 
tion. The rationale of this treatment is to 
prevent the occurrence of an inopportune chill 
before, during, or immediately following the 
operation, to prevent or overcome the cachexia 
which occurs with the acute malarial attack and 
to prevent recrudescence of clinical malaria dur- 
ing the convalescent period. 
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The treatment is splenectomy, and if tampon- 
ment and suture have no place in the fracture of 
the normal spleen, they certainly have no place 
in the management of the more friable malarial 
spleen. ; ; 

SUMMARY 

1. Splenomegaly is common among military 
personnel who have served overseas. 

2. Apparent spontaneous rupture and trau- 
matic rupture of the spleen will be more frequent 
because the enlarged spleen is more friable and 
more vulnerable to external trauma and internal 
strains. 

3. The apparent spontaneous rupture of the 
spleen is probably associated with some form of 
unappreciated or unrecognized external trauma 
or internal strain. 

4. A series of 12 and a series of 35 cases of 
spontaneous rupture of the spleen are reported. 

5. Three additional cases with recovery follow- 
ing splenectomy are reported. 
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6. There has not been improvement in the 
general mortality rate for spontaneous rupture of 
the malarial spleen in the last 50 years. The figure 
remains at about 50 per cent and is based on 
failure of diagnosis or delayed diagnosis. 

7. Splenectomy is indicated. 

8. It is important to institute antimalarial 
therapy as soon as diagnosis is made and before 
operation if diagnosis has been made. 

9. Atabrine is the drug of choice. 
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EXPERIMENTAL SURGICAL PULMONARY COLLAPSE 


DAVID A. WILSON, M.D., Greenville, South Carolina, and HORACE BAKER, M.D., 
Durham, North Carolina 


ARIOUS extrapleural stripping pro- 

cedures have been introduced into the 

field of thoracic surgery since the initial 

report by Tuffier (95) in 1891. These 
procedures have all arisen as a result of a demand 
for a simplified operation which can be used in 
poor risk or complicated cases requiring collapse 
therapy. From a theoretical standpoint the 
operative procedure is sound in that relaxation in 
all directions can be secured by an extrapleural 
freeing of the lung just as in an intrapleural pneu- 
mothorax. Many present day surgeons combine 
an extrapleural dissection with thoracoplasty for 
the same reason and find no objection to a com- 
bination of operations (Semb). 

Extrapleural pneumolysis as a primary pro- 
cedure, however, has met a great deal of criticism, 
more so in this country than abroad. The criti- 
cism appears to be based not so much on the 
operative approach to the problem as upon the 
frequency of complications which arise and be- 
cause these complications are so difficult to 
manage. Extrapleural pneumolysis, unlike intra- 
pleural pneumolysis, leads to the creation of a 
nonserous lined space with a distinctively different 
physiological reaction. The same end-results 
may be obtained in so far as collapse of the lung is 
concerned. Churchill (16,17) has stressed the 
fact that extrapleural pneumolysis, in contrast to 
intrapleural pneumothorax, is an_ irreversible 
procedure and should be considered as such. In 
an attempt to make a reversible procedure out of 
an irreversible one, air was utilized to maintain 
the space and met with disrepute. The threat of 
infection was forever present and sooner or later 
the air had to be replaced by oil or the space had 
to be obliterated by a thoracoplasty (Dolley, 
Jones, and Skillen 18, 19). Fundamentally, then it 
can be said that the operation of extrapleural pneu- 
molysis is sound; but the methods of maintaining 
the space are unsatisfactory. With this considera- 
tion in mind, experimental studies were begun in 
the Fall of 1943 to discover a material which 
could be used to fill an extrapleural pocket, 
which would be nonirritating to the tissues, and 
which would permit the body fluids to organize, 
forming a permanent fibrous pack. An ideal 


From the Department of Surgery, Duke University School of 
Medicine, and Duke Hospital. 


material was found in methyl methacrylate, 
commonly known by its trade name of “‘lucite.” 


HISTORICAL 


Extrapleural pneumolysis is not a new opera- 
tion. The procedure was first described by 
Tuffier (95) in 1891. The first recorded operation 
in this country was performed by J. B. Murphy in 
1898. In 1910 Tuffier (g9) reported 3 cases and 
noted the need for some material to maintain the 
collapse. In 1914 (97) he reported 11 cases in 
which the cavity was filled with the patient’s own 
fat. In this series there were 4 deaths and only 1 
cure. Bull also used fat in 9 cases with healing in 
5. Morrison Davies reported 4 cases improved by 
filling with fat. Fat was soon discarded as a 
filling material because it was too difficult to 
obtain in an emaciated person, because it was too 
soft and because liquefaction occurred. 

In 1913 Baer (7) recommended extrapleural 
pneumolysis because of its simplicity and because 
it avoided extensive skeletal operations. He em- 
ployed a paraffin mixture, consisting of 75 cubic 
centimeters of paraffin with a melting point of 58 
degrees centigrade and 25 cubic centimeters of 
paraffin with a melting point of 50 degrees centi- 
grade plus 1 gram of bismuth carbonate and .o5 
gram of vioform. The paraffin mixture was 
sterilized by vapor sterilization on 2 successive 
days for 1 hour and warmed before using. The 
mixture hardened at body temperature and met 
the chemical requirements better than fat. Sauer- 
bruch (79,80) was first to carry out a large series 
of cases with this material; and Nissen (65,66,67, 
68) and his co-workers, pointed out indications 
and shortcomings of the paraffin pack. Complete 
obliteration of the pleural cavity is of prime 
necessity since the obliterating material causes a 
marked foreign body reaction which, combined 
with gravity, may result in a tear of the parietal 
pleura, with penetration of the free pleural cavity. 
The same process leads to a necrosis of the lung 
overlying adjacent thin walled cavities. This 
most dreaded complication results in a severe in- 
fection and demands immediate removal of the 
pack. The pressure necrosis of the lung overlying 
thin walled cavities is attributed to the interrup- 
tion of venous and arterial communications from 
the thoracic wall through the pleural adhesions, 
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Fig. 1. Roentgenogram of chest and autopsy of rat No. 
17 showing collapse of right lower and middle lobes 9 weeks 


the blood supply from the lung to this area having 
already been interrupted by the cavitation. Too 
little attention has been given to the foreign body 
reaction created by paraffin. It is our opinion 
that this is of greater importance than the inter- 
ference with the blood supply. 

Baer (7,8,9) recommended performing the 
operation through an anterior incision. Nissen 
preferred a posterior approach and limited the 
mass to 500 or 600 cubic centimeters. Head has 
recently advocated the paraffin pack for closure of 
large apical cavities which are prone to retreat 
against the spine or mediastinum and remain 
patent despite extensive thoracoplasty procedures, 
including removal of the transverse processes and 
costal cartilages. He observed a higher percent- 
age of favorable results than when thoracoplasty 
was performed as an initial operation. He also 
advocated the initial paraffin pack as a less 
dangerous procedure with a good chance of cavity 
closure. Furthermore, he felt that thoracoplasty 
performed after initial paraffin packing was more 
apt to be effective and attended by less com- 
plications because of the reduction in size of the 
cavity and stabilization of the mediastinum. He 
reported 31 patients selected as being suitable for 
initial paraffin filling. Of these 31, 24 had con- 
version of sputum from positive to negative. 
Three were improved, 2 were worse, and 2 died. 
Sixteen had large apical cavities, 6 of which were 
converted by packing alone and 7 others by 
packing and thoracoplasty. In 4 cases the paraffin 
perforated the lung and had to be removed. 


after insertion of methyl methacrylate mold into the 
pleural cavity. 


Schlange, Sauerbruch (79,80), Casper, and 
Matson (54,55) advocated compression with an 
extrapleural pack of plain gauze. Matson (54), 
in 1938, in a preliminary report, advocated an 
extrapleural gauze pack in apical and subapical 
soft walled cavities of recent origin, preferably 
less than 4 to 5 centimeters in size with a patent 
bronchus. In general he employed the gauze pack 
in those cases in which extrapleural pneumo- 
thorax would at that time have been the logical 
procedure to utilize; that is, in those patients with 
tuberculous cavities or areas of infiltration in 
either one or both upper lung fields. The collapse 
was selective in character, and he felt that the 
postoperative management was relatively simpler 
than extrapleural pneumothorax. Of 81 patients 
reported 54 had conversion of the sputum; 15 
were considered clinically well after the pack was 
removed. There were 4 deaths, none directly 
attributed to the operation. Infection occurred 
with the formation of a purulent exudate in 18 
cases and in 16 removal of the pack was necessary. 
Removal of the pack was followed by thoraco- 
plasty in a large percentage of these cases. 

Shivers, Archibald (4,5), Goffaerts and De 
Winther (34), Sebrechts, Alexander (2, 3) and 
Churchill (16,17) have advocated filling an extra- 
pleural cavity with pectoral muscle detached from 
the chest wall and humerus. The sternal and 
coracoid attachments were preserved with the 
main blood supply in order to diminish atrophy of 
the muscle. Archibald (4,5), Butler, Skinner, 
Douglass, and Merkel combined muscle packing 
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Fig. 2. Roentgenogram of chest and autopsy of rat No. 16 
showing collapse of upper 24 of right lung 8 weeks after 


insertion of methyl methacrylate mold into the pleural 
cavity. 


Fig. 3. Roentgenogram of chest and autopsy of rat No. 7 six months after in- 
sertion of 14 inch methyl methacrylate balls into the pleural cavity. The balls 


are still free in the pleural cavity. 


with thoracoplasty, removing the anterior por- 
tions of the second, third, and fourth ribs while 
Goffaerts and DeWinther performed an extra- 
pleural pneumolysis through an anterior ap- 
proach, resecting a portion of the third rib and 
pulling the pectoral muscle through the first 
intercostal space. Alexander (3) and Lilienthal 
(51,52) advised a supraperiosteal and subcostal 
filling of muscle, performed through a curved 


anterior incision in preference to an extrapleural 
packing. In this modification the periosteum of 
the first three or four ribs is stripped free and is 
displaced medially by the pack. Re-expansion is 
prevented by regeneration of the ribs in this 
location deep in the thorax. The advantages of 
this modification over extrapleural stripping’ is 
that there is less danger of tearing the pleura and 
the extent of the pulmonary collapse is readily 
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Fig. 4. Photomicrographs of the pleura and lung in contact with methyl methacrylate; a, left, 2 weeks, b, 6 months. X 195. 


controlled by the amount of periosteal stripping 
and is not limited by the presence of tough extra- 
pleural adhesions. The indications for supra- 
periosteal and subcostal packing are extremely 
limited. The limitations are much narrower than 
those of extrapleural pneumothorax and more 
closely approach anterior thoracoplasty in opera- 
tive technique. With present day perfection of 
technique in performing thoracoplasty it is 
doubtful if any case of pulmonary tuberculosis is 
more suitable for this procedure. 

Gwerder, Jessen (46), Miller and Oughterson 
and Harvey (70) used an inflated rubber balloon 
inserted in the extrapleural space for the treat- 
ment of tuberculous pulmonary cavities. Haight, 
Harvey and Oughterson (40) used a similar 
balloon placed supraperiosteally for the treatment 
of nontuberculous cavities. This temporary 
collapse was maintained until the patient’s condi- 
tion permitted a thoracoplasty or an unroofing 
operation. Infection occurred in the majority of 
patients, and the postoperative management was 
complicated. 

The maintenance of an extrapleural collapse by 
means of air refills is of relatively recent inception. 
Mayer in 1913 first demonstrated that it was 
possible to do a complete extrapleural stripping of 
the lung, including the pleura over the diaphragm. 
Jessen (47,48) and Rieckenberg reported a series 
of successful cases. In 1923 Romanis and Riviere 
(74) reported an extensive extrapleural stripping 
with re-expansion because of delay in instituting 
the refills. In 1932 Jachia and Sebestyén ad- 
vocated extrapleural pneumothorax in conjunc- 
tion with an unsuccessful intrapleural pneumo- 
thorax. Serious attention was not given to 
extrapleural pneumothorax until the publications 


of Graf (35,36), Schmidt (82,83), Monaldi, Nissen 
(65,66,67,68), Michelsson, and Zorini between 
1933 and 1938. In 1936 Graf (35,36) reported 107 
cases with favorable results. In 1937 Schmidt 
(83) reported 155 cases and increased the number 
to 544 by May of 1939 (Adelberger, Theiss, 
Bellinger, Gaubatz, and Sauer). Large series of 
cases did not appear in the American literature 
until 1938 (Overholt and Tubbs, Belsey). At 
first received with considerable enthusiasm it 
immediately became apparent that air was not an 
ideal material for the maintenance of an extra- 
pleural pocket. Unlike the serous lined intra- 
pleural cavity the extrapleural space was main- 
tained with difficulty ; complications were frequent 
and re-expansion failed to occur following dis- 
continuance of the refills. The space then had to 
be obliterated by thoracoplasty or converted to an 
oleothorax with its ever attendant dangers. 
Dolley, Jones, and Skillen (18,19) in a compre- 
hensive survery reviewed the results of over 2277 
cases gathered from 27 clinics where extrapleural 
pneumothorax had been in use for more than 2 
years. The results varied with the character of 
the patients selected for operation. Conversion 
of the sputum occurred in only approximately 53 
per cent of the patients and 11 per cent were dead. 
Early conversion of the pocket by means of 
oleothorax was advised in order to control and 
maintain the collapse, to reduce the expense of 
refills, and to minimize the chances of infection. 
On the whole the report was not favorable. 


EXPERIMENTAL STUDIES 


In the search for an ideal substance to be used 
as a packing material for an extrapleural space 
certain fundamental considerations were appar- 





id 


WILSON, BAKER: EXPERIMENTAL SURGICAL PULMONARY COLLAPSE 


Fig. 5. Roentgenograms of chest of dogs showing: 
a, collapse of apex, b, collapse of middle portion, and c, 


ent. Since the material chosen was to be left in 
the extrapleural pocket permanently, thus estab- 
lishing an irreversible collapse comparable to 
thoracoplasty, (1) the material should be non- 
irritating to the tissues, both in the immediate 
postoperative period and in later stages; (2) it 
should be noncarcinogenic and nonantigenic; 
(3) the material should be of light weight so that 
a large quantity could be introduced without 
danger of penetrating the pleural cavity and lung; 
(4) it should be insoluble and not subject to 
chemical change in the tissues; (5) it should offer 
little, if any, resistance to x-rays; (6) it should be 
capable of being premolded in such a shape that 
varying sized cavities could be filled through a 
relatively small incision. 

The various metals and nonmetals which came 
under investigation included aluminum, tan- 
talum, vitallium, preserved cartilage, stainless 
steel, celluloid and methyl methacrylate. The 
metals, especially tantalum and vitallium, were 
considered ideal in so far as the tissue reaction 
was concerned but were discarded because of the 
weight and expense. Celluloid and methyl metha- 
crylate are both relatively inexpensive and light 
weight. Both have been used in orthopedic 
surgery and in neurosurgery to repair bone de- 
fects but nothing, to our knowledge, has been 
reported concerning their use in thoracic surgery. 
Celluloid was first used by Fraenkel in 1890 for 
the repair of cranial defects and gained wide 
popularity for this purpose in the early part of the 
century. Experimentally the tissue reaction has 
been shown to be slight. Immediately after the 
operation a serosanguineous exudate formed 


é 
collapse of lower lobe of the right lung by means of methyl 
methacrylate balls inserted into an extrapleural pocket. 


about the celluloid which frequently required 
aspiration. Six days after implantation the cellu- 
loid was surrounded by granulation tissue con- 
taining newly formed vessels and polymorpho- 
nuclear leucocytes. After 4 weeks laminated 
connective tissue still infiltrated with inflamma- 
tory cells was present. Ney reported 300 implants 
with but 5 infections. If infection did not occur 
encapsulation took place. Several operators have 
found little reaction after several years. Funke 
(29,30), however, found that the celluloid lost its 
elasticity, became brittle and crumpled, and 
chemical analysis showed that camphor was lost 
from the implant. It has therefore been discarded 
Methy! methacrylate is an acrylic resin manu- 
factured from acetone, hydrogen cyanide and 
methanol in the presence of sulfuric acid. The 
end product is a clear liquid called methyl metha- 
crylate monomer. Under exacting chemical and 
physical conditions polymerization takes place, 
giving rise to the clear solid form which is mar- 
keted commercially under the trade names of 
“lucite, crystallite, plexiglass, and vitarilic.” In 
the finished form methyl methacrylate exhibits a 
tensile strength of 6,000 to 9,000 pounds per 
square inch. It is thermoplastic and softens when 
heated to temperatures above 220 degrees Fah- 
renheit (105 degrees centigrade). It absorbs only 
asmall amount of water without changing its chem- 
ical composition. Methyl methacrylate is soluble 
in esters, ketones, ethylene dichloride, and chloro- 
form; it is not affected by weak acids or alkalis. 
Methyl methacrylate was first used in dental 
prosthesis and found to be nonirritating when in 
contact with the mucous membranes over a long 
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Fig. 6. a, Lung of dog No. 5 removed at autopsy 5 
months after extrapleural packing with methyl metha- 
crylate balls. 


period of time. Kleinschmidt in January, 1940 
was the first to report its use in experimental 
animals, to repair skull defects. In the first few 
days the plate was found to be surrounded by a 
small amount of serum which rapidly organized, 
forming a definite capsule of hyaline connective 
tissue. There was little inflammatory reaction 


and no foreign body response even after the 
presence of infection. Kahn believed the ma- 
terial could be safely used at the time of a primary 
repair of a perforating wound of the skull, and 
even in the face of infection the plate need not be 
removed. 


With these studies in mind, methyl methacry- 
late appeared to fulfill the qualifications of a 
satisfactory filling material to maintain an extra- 
pleural collapse of the lung. Animal experiments 
were begun in November, 1944, to determine the 
reaction of methyl methacrylate implanted into 
the extrapleural space and into the pleural cavity. 
Operation was performed on 30 adult rats and to 
dogs. In some of the rats collapse of the indi- 
vidual lobes was secured by implanting a mold of 
the lobe to be collapsed directly into the pleural 
cavity (Figs. 1 and 2). In other rats a portion or 
the entire pleural cavity was filled with 14 inch 
balls introduced through a small opening in the 
chest wall (Fig. 3). The operation was performed 
with positive pressure anesthesia under sterile 
precautions. In the postoperative period fre- 
quent x-ray films of the lungs were taken. The 
rats were killed at intervals of from 10 days to 8 
months and postmortem examinations were 
made. A little effusion was demonstrated follow- 
ing the introduction of the methyl methacrylate 
into the pleural cavity, but the animals tolerated 
the material well and except for some shortness of 
breath in the first few days, activity was normal. 

Histological studies of the pleura and under- 
lying lung in contact with the implants showed: 
(1) varying degrees of atelectasis of the lung 
(Fig. 4). In 26 rats atelectasis was present with- 
out inflammation. In 4 rats a pneumonic process 
was present with multiple small abscesses con- 
fined to the atelectatic portion of the lung. 
Empyema was associated with 2 of these cases. 
(2) A minimum of pleural reaction characterized 
in the first few days by the formation of a small 
amount of clear fluid around the implants accom- 
panied by a swelling of the mesothelium and 


Fig. 6. b, Photomicrograph of section through collapsed area of lung compared with normal lung. c, X85. 
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proliferation of the connective tissue in the sub- 
mesothelial region. The mesothelial lining of the 
pleura remained intact in most instances, and a 
few large eosinophilic staining cells resembling 
mast cells were observed in the submesothelial 
region. There was no round cell infiltration or 
giant cell formation (Fig. 4). 

In 18 of the rats the fluid around the implants 
became organized into a thin film of hyaline 
connective tissue infiltrated at the periphery with 
newly formed capillaries and a few chronic in- 
flammatory cells. In 10 rats the implants were 
still free in the pleural cavity at the time of 
autopsy (Fig. 4). Two rats died on the fourth and 
twelfth postoperative days, and autopsy revealed 
empyema with the formation of abscesses and 
granulation tissue around the lucite balls and in 
the underlying lung tissue. 

An extrapleural collapse was performed on 10 
healthy dogs which were then followed clinically 
and roentgenographically for 6 to 8 months (Fig. 
5). Approach to the extrapleural space was 
easily secured between the ribs but because of the 
tissue paper character of the parietal pleura, its 
close attachment to the periosteum of the ribs, 
and its extension high into the neck, classical 
extrapleural stripping in the dog was found to be 
extremely difficult. Dissection of the inner 
periosteum from the rib was frequently necessary. 
The space, when developed, was filled with solid 
34 inch methyl methacrylate balls. In 8 of the 10 
dogs a serosanguineous exudate appeared within 
48 to 72 hours postoperatively, resulting in 
moderate swelling of the operative site and re- 
quiring aspiration in 1 dog. Infection in the 
operative incision occurred in 1 dog, requiring 
open drainage. Healing eventually occurred, how- 
ever, with penicillin therapy and without removal 
of the lucite balls. There were no deaths in the 
series of 10 dogs and no evidence of any systemic 
reaction after the immediate postoperative period. 

Autopsies revealed a localized atelectasis of the 
lung adjacent to the extrapleural pack (Fig. 6). 
There was a moderate thickening of the meso- 
thelial layer and microscopically some prolifera- 
tion of the submesothelial connective tissue of the 
visceral pleura similar to that observed in the 
rats. Adhesions between the visceral and parietal 
pleura were absent in 7 of the dogs. In 3, fine 
string-like adhesions were present. The methyl 
methacrylate balls in the extrapleural space were 
fixed in a dense mass of hyaline connective tissue 


(Fig. 7). 


Methyl methacrylate introduced into the 
pleural cavity and extrapleural space of experi- 


EVALUATION 


Fig. 7. Photomicrograph of connective tissue surround- 
ing the methyl methacrylate balls inserted into the extra- 
pleural space. X 127. 


mental animals is well tolerated. It is light 
weight, readily available, inexpensive, and non- 
irritating. Its reaction is characterized by the 
production of a thin capsule of hyaline connective 
tissue. 

The adaptation of methyl methacrylate to 
clinical surgery is opening new horizons. At the 
present time it is being used to repair cranial 
defects and in reconstructive surgery (100,72). 
Our studies have been concerned with its adapta- 
tion to thoracic surgery. At the present time 8 
patients with pulmonary tuberculosis have been 
operated upon; methyl methacrylate has been 
used as a filling material to maintain an extra- 
pleural collapse. The results in these cases have 
been sufficiently gratifying to warrant its con- 
tinued use and will be discussed in a later paper. 
The use of this material, we believe, will save 
from discard an operation which has interested 
surgeons since the procedure was first described in 
1891. It fulfills a need not satisfied by paraffin, 
muscle, fat, oil, gauze, or air. It adds to the 
surgeon’s armamentarium a single stage pro- 
cedure which, because of its simplicity, can be 
used in complicated and poor risk patients with 
pulmonary tuberculosis. 


SUMMARY 


Experimental studies utilizing methyl metha- 
crylate implanted into the pleural cavity and 
extrapleural space of 40 laboratory animals have 
been presented. The reaction of the pleura and 
extrapleural tissue has been demonstrated. Its 
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Kaun, E. A. Proc. R. Soc., Lond., 1943, 36: 403. 
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use is suggested in the treatment of pulmonary 
tuberculosis. 


REFERENCES 


ADELBERGER, L. Deut. Tuberk. BI., 1939, 7: 117. 

ALEXANDER, JOHN. Arch. Surg., 1934, 28: 538. 

Idem. Collapse Surgery of Pulmonary Tuberculosis. 
Baltimore: Charles Thomas, 1937. 

ARCHIBALD, E. W. Am. Rev. Tuberc., 1921, 4: 828. 

Idem. Am. J. Surg., 1924, 38: 17. 

BABBINI, R. J., BARCELONE, R. D., and ALBERTENGO, 
J. B. Rev. argent. neur. psiquiat., Rosario, 1941, 
6: 221; Bol. Soc. cir. Rosario, 1941, 8: 299. 

Barer, G. Miinch. med. Wschr., 1913, 60: 1587. 

Idem. Zschr. Tuberk., 1915, 23: 200. 

Idem. Miinch. med. Wschr., 1921, 68: 1582. 

BarLey, C. P. J. Thorac. Surg., 1942, 11: 326. 

BELLAS, J. E. Arch. Surg., 1940, 41: 1414. 

BELLINGER, H. Deut. Tuberk. BI., 1938, 4: 83. 

BELSEY, R. J. Thorac. Surg., 1938, 7: 575. 

Brown, A. M. Arch. Otolar., Chic., 1944, 39: 170. 

But er, E. F., SktnNER, M. A., DouGtass, R., and 
MerKEL, C. G. J. Thorac. Surg., 1938, 8:93. 

CuHuRCHILL, E. D. N. England J. M., 1931, 205: 510. 

Idem. Am. Rev. Tuberc., 1940, 41: 423. 

DotteEy, F. S., Jones, J. C., and SKILLEN, J. J. 
Thorac. Surg., 1939, 8: 646. 

Idem. Am. Rev. Tuberc., 1940, 41: 413. 

Dumarest, F., and Roucy, P. Presse méd., 1930, 
38: 201. 

ELoEsseER, L. J. Thorac. Surg., 1932, 1: 672. 

FILLENBAUM, A. von. Wien. klin. Wschr., 1891, 
4: 825. 

Ibid., 1893, 6: 243. 

FRAENKEL, A. Wien. klin. Wschr., 1890, 3: 475. 

Idem. Zbl. Chir., 1895, 22: 47. 

Idem. Deut. Ges. Chir., 1895, 24: 85. 

Idem. Arch. klin. Chir., 1895, 50: 407. 

Frey, R. von. Wien. klin. Wschr., 1894, 7: 40. 

FunkKE, P. Deut. Ges. Chir., 1908, 1: 46. 

Idem. Zbl. Chir., 1915, 42: 257. 

GauBatz, E. Beitr. Klin. Tuberk., 1938, 1: 201. 

Geary, P. Am. Rev. Tuberc., 1942, 46: 646. 

GEILER, C. W., SKINNER, E. W. J. Deut. Res., 1938, 
18: 381. 

GOFFAERTS and DEWINTHER. Presse méd., 

35: 1301. 

Grar, W. Deut. med. Wschr., 1936, 62: 671. 

Ibid., 63: 4. 

GRaunay, E., 
eases of Chest. 
1935- 

GWERDER, J. Miinch. med. Wschr., 1913, 60: 2668. 

Haart, J. Wien. klin. Wschr., 1900, 13: 269. 

Haircut, C., Harvey, S. C., and OuGHTERSON, A. W. 
Yale J. Biol., 1931, 3: 235. 

HAntTscH von. Mitt. Grenzgeb. Med. Chir., 1921, 
34: 320. 

Heap, Jerome R. J. Thorac. Surg., 1937, 6: 491. 

HINTERSTOISSER, H. Wien. klin. Wschr., 1891, 4: 


SINGER J., BALton, H. Surgical Dis- 


Philadelphia: Lea and Febiger, 


3°3- 
Jacuta, A. Lotta tuberc., 1932, 3: 1159. 


JanckeE, C. E. Deut. Zschr. Chir., 1926, 197: 18. 

JessEN, F. Die Operative Behandlung der Lungen- 
tuberkulose. 3d Leipzig: Curt Kabitzsch, 1921. 

Idem. Die Behandlung der Lungentuberkulose. 
Leipzig: Curt Kabitzsch, 1921. 

Idem. Loewensteins Handbuch der gesamben Tuber- 
kulose-Therapie. P. 1, 491. Berlin and Wien: 
Urban & Schwarzenberg, 1923. 


Uaumnuwn AaAununun 
Co AON OM Pwn 


nD 
= O 


97. 


98. 
99. 


Idem. Am. J. Surg., 1931, 14: 356. 

Link, I. Wien. med. Wschr., 1896, 46: 950. 

Matson, R. C. Bull. Am. Acad. Tuberc. Physicians, 
1938. 

Idem. Am. Rev. Tuberc., 1942, 45: 714. 

Mayer, A. Deut. med. Wschr., 1913, 39: 2347. 

MeveER, W. Ann. Surg., 1895, 22: 508. 

MIcHELssON, F. Tuberkulose, Miinch., 1935, 15: 131. 

MILLER, F. Collected Proceedings of the Texas 
Surgical Society, 1930, Feb. 

Monatp1, V. Lotta tuberc., 1933, 4: 253. 

Monop, O. Traitement chirurgical des cavernes 
tuberculeuses du poumons. Paris: Louis Arnette, 
1935- 

Idem. J. Thorac. Surg., 1938, 8: 150. 

Murpny, J. B. J. Am. M. Ass., 1898, 31: 281. 

Ney, K. W. Am. J. Surg., 1939, 44: 394. 

NISSEN, R., Schweiz. med. Wschr., 1937, 67: 861. 

Idem. Surg. Gyn. Obst., 1931, 52: 732. 

Idem. Deut. Zschr. Chir., 1931, 233: 545. 

Idem. Med. Klin., Berl., 1933, 29: 1208. 

OvERHOLT, R. H., Tubbs, O. S. J. Thorac. Surg., 
1938, 7: 591. 

OuGHTERSON, A. W., and Harvey, S. C. Yale J. 
Biol., 1930, 3: 139. 

Payr, E. Zbl. Chir., 1920, 47: 1362. 

PENHOLE, K. W. Arch. Surg., 1945, 50: 233. 

RIECKENBERG, H. Internat. Zbl. Tuberk. forsch., 
1920, 14: 163. 

Romanis, W., and Riviere, C. Lancet, Lond., 1923, 
z: $38. 

Romanis, W., and Settors, T. H. Lancet, Lond., 
1935, 1: 802. 

Ruppert, L. Wien. klin. Wschr., 1914, 27: 30. 

Russo, J. G. J. Thorac. Surg., 1943, 12: 316. 

SavER, G. Zschr. Tuberk., 1938, 80: 217. 

SAuvERBRUCH, F. Die Chirurgie der Brustorgane. 
Berlin: Julius Springer, 1920, Vol. 1. 

Idem. Quoted by Nissen, Surg., Gyn. Obst., 1931, 
52: 732. 

ScHLANGE. Zschr. Tuberk., 1915, 23: 209. 

Scumipt, W. O. Beitr. Klin. Tuberk., 1936, 88: 6869. 

Idem. Rev. tuberc., Par., Fifth Series, 1937. 

SEBESTYEN, J. Zschr. Tuberk., 1932, 65: 220. 

SEBRECHTS. Presse méd., 1929, 37: 1334. 

Settors, H. Brit. J. Tuberc., 1938, 32: 182. 

Sem, C. Acta. chir. scand., 1935, 76: I. 

Idem. Theorebsche Grundlagen, Chir., 1937, 9: 81 

Idem. Techn. Erg. Chir., 1937, 9: 121. 

SHELDON, C. H., PupeNnz, R. H., Restarskt, J. S., 
Craic, W. J. Neurosurg., 1944, 1: 67. 

Suivers, M. O. Colorado M., 1919, 16: 27. 

SPAULDING, E. H. Surg. Gyn. Obst., 1939, 69: 738 

SPEALMAN, C. R., Mary, R. J., Haac, H. B., Larson, 
P.S. Indus. M., 1945, 14: 292. 

Tuetss, K. Deut. Tuberk., Bl., 1938, 2: 1. 

TuFFIER, T. Sem. méd., B. Air., 1891, 11: 202. 

Idem. Chirurgie du poumon. Rappart au Congre 
International de Chirurgie. Moscow, 1897. 

Idem. Etat actuel de la chirurgie intrathoraciqu« 
Paris: Masson et Cie, 1914. 

Idem. Arch. méd. chir. app. resp., Par., 1926, 1: 32 

TUuFFIER and Martin. L’oeuvre medico-chirurgical¢ 
Paris: Masson & Cie, 1910. 


100. Woo tr, J. I., and WALKER, A. E. Internat. Abst: 


Iol. 


Surg., 1945, 81: I. 
Zortnt, O. Beitr. Klin. Tuberk., 1933, 84: 224 





=, << — ~V~ —<_ — na aw See 


a7 @® 


THE RH FACTOR-SEROLOGIC BACKGROUND AND 
CLINICAL APPLICATION 


S. MILES BOUTON, JR., M.D., M.S., Rochester, New York 


HEN a foreign material such as, for 

example, a disease-producing micro- 

organism enters the human body the 

latter is likely to respond with the 
formation of substances which destroy the in- 
vader. These substances, known as antibodies, 
usually function by agglutinating or by dissolving 
the foreign material. Antibodies may be ab- 
solutely specific in that they will attack only one 
particular ‘‘antigen” or toxin or micro-organism. 
Certain antibodies may be present in the body 
from birth, so that the first invasion by the anti- 
genic material is met by the already available 
defense force. This type of body reaction repre- 
sents the process of immunization or, if the 
antibodies are fully developed, a state of im- 
munity. 

The antigen-antibody reaction, which ap- 
parently is an attempt by nature to protect the 
body against noxious influences, does not always 
proceed without damage to that body. If the 
total bulk of the affected foreign material or 
micro-organisms is sufficiently large, the agglu- 
tinating process within the bloodstream is apt to 
produce so much dead material in the form of 
coarse particles that capillaries may become 
obstructed and kidney function be impaired; or, 
if the dead material is broken down too rapidly, a 
complicated systemic reaction to these “de- 
natured” substances may set in, manifested by 
chills, fever, flushing, chest and back pains, etc. 
If the foreign substance happens to be erythro- 
cytes introduced with a transfusion of whole blood 
or of red cell resuspensions, there may be jaun- 
dice, reflecting rapid destruction of the foreign 
red cells. 

The so called A and B substances found either 
separately or together in the red blood cells of 
most human beings are, in a sense, antigens, and 
they determine the four blood groups (A, B, AB, 
and O, the last named being the group whose red 
cells contain neither of these two substances)! 
They are also called agglutinogens, because the 

From the Pathologic Laboratories, St. Mary’s Hospital, 
Dr. Bouton, director. 
1The “A” group includes subgroups (A;, As, As), whose 
existence occasionally is responsible for unrecognized ‘intra- 


group” incompatibility. These details do not contribute to this 
discussion and are therefore not considered further here. 


cells containing them are agglutinated (although 
they may be and frequently are hemolyzed, i.e., 
dissolved) when brought into contact with ag- 
glutinins (antibodies) which are specific for the A 
or B substances and which are normally present 
in the serum of a part of the human race. Nor- 
mally, if an individual’s red blood cells contain an 
agglutinogen, his serum does not contain the 
corresponding agglutinin, as there would then 
obviously occur destruction of the red cells within 
their own serum. That is to say, anti-A agglu- 
tinin is absent in individuals whose red blood 
cells contain A agglutinogen. The normally con- 
stant presence, however, of anti-A agglutinin in 
the serum of a person with B cells renders that 
person’s blood incompatible with that of an in- 
dividual containing A (or AB) cells. 

It is common knowledge that a “transfusion 
reaction” of severe type is practically inevitable 
if blood from a different group is introduced into 
the blood stream of any individual except one 
whose serum contains no agglutinins capable of 
destroying the injected red cells, as it is this 
destruction of the foreign cells which almost 
invariably is the cause of the reaction. This is the 
reason we call an individual a “universal donor” 
(“blood group O”) if his red cells contain no A or 
B agglutinogens, so that the latter cannot be 
destroyed by pre-existing anti-A or anti-B ag- 
glutinins in the serum of individuals receiving 
such a donor’s blood; it is furthermore the reason 
we call an individual a “universal recipient” 
(“blood group AB”) if his serum contains no 
anti-A or anti-B agglutinins, so that it cannot 
agglutinate or otherwise damage foreign red cells 
containing either A, B, or A and B agglutinogens. 

In pregnancy, a mother may carry a fetus 
whose blood group will differ from hers because of 
inheritance from the father, as father and mother 
do not, of course, always represent the same 
group. One might therefore expect that the 
mother’s already present anti-A or anti-B (or 
both) agglutinins would create havoc with the 
fetal red cells and red cell producing tissues, if the 
fetus has the corresponding agglutinogens within 
its cells, as such agglutinins readily pass through 
the walls of the placental villi which separate 
maternal and fetal blood. This actually does 
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occur, but only very rarely, and the result may 
then be damage to the fetus in the form of “ery- 
throblastosis foetalis,”” which may take the form 
—depending in part on the severity of the dam- 
age, in part on the organ or tissue chiefly affected 
in the infant, such as bone marrow or liver—of 
“hydrops foetalis,” with death of the baby prior 
to or soon after delivery, or of profound and 
progressive anemia, or of “‘icterus neonatorum,” 
or possibly of a combination of these pathologic 
changes. (For purposes of didactic clarification, 
only the familiar blood groups are invoked in this 
introductory discussion. More specific data 
follow.) 

Almost all individuals are “‘secretors,” that is to 
say, they possess the A or B substances not only 
in their red blood cells, but also—and actually in 
much greater concentration—in other tissue cells, 
and continue, moreover, to produce these sub- 
stances in large amounts, so that they are even 
excreted in saliva and gastric juice (these fluids 
are the chief source of some commercially pre- 
pared A and B substances). When small amounts 
of anti-A or anti-B agglutinins are introduced into 
the bodies of “‘secretors” gradually and by a route 
other than direct introduction into the circulatory 
system, they are readily “‘neutralized”’ or fixed by 
the abundant A or B agglutinogens within the 
body tissues before agglutination of the red blood 
cells, with their much weaker A or B concentra- 
tions, can occur. This is the reason why group 
incompatibilities of the A and B type between 
mother and fetus almost never occur. That is to 
say, the red blood cells of secretors are sur- 
rounded, so to speak, by a defense wall which is 
breached, or rather circumvented, only by the 
therapeutic device of intravenous administration 
of foreign blood in large quantity. 

That trouble due to incompatibility of this type 
occurs at all is due to the fact that rare indi- 
viduals are “non-secretors,” that is to say, they 
appear to possess A or B agglutinogens only in 
their red blood cells, which are thus exposed to the 
action of any anti-A or anti-B substance which 
may, either through the placenta in the case of a 
fetus, or by transfusions in child or adult, get into 
the bloodstream. In other words, there is no 
available A or B substance elsewhere in the body 
to neutralize the anti-A or anti-B antibodies 
before they reach the red cells. In the fetus the 
effect may be erythroblastosis, in the recipient of 
a transfusion it may be a transfusion reaction. 

The “Rh factor” is an antigen which for all 
practical purposes may be considered to be en- 
tirely similar to the A and B substances, and, like 
these, it is also found within the red blood cells. 


The two points of prime importance in con- 
sidering the clinical problems related to this red 
blood cell “factor” are (1) that it exists only in the 
red blood cells, that is to say, all individuals are 
““non-secretors’” in regard to the Rh factor; (2) that 
there does not exist normally any anti-Rh antibody 
or agglutinin in human serum. 

The implications as to the first point are that 
any “Rh-positive” individual (i.e., one whose red 
blood cells contain the Rh factor) is helplessly 
exposed to the destruction of his red cells if these 
are brought into contact with an anti-Rh ag- 
glutinin, as his other tissues contain no Rh sub- 
stance to neutralize such a specific agglutinin and 
thus to protect his red cells. 

The implications as to the second point are 
that, even though all Rh-positive individuals are 
nonsecretors, they are ordinarily in no danger at 
all, as no normal individual has anti-Rh ag- 
glutinins in his blood. Consequently, blood from 
both “Rh-positive” and ‘“Rh-negative”’ (Rh- 
negative meaning simply absence of the Rh 
factor in the red blood cells; by corollary group O 
blood might be termed “AB-negative”’) indi- 
viduals can safely be given to Rh-positive or 
Rh-negative individuals interchangeably with no 
risk whatever, provided, of course, that donor and 
recipient are compatible as to their A and B groups. 
In other words, there is no need to consider Rh 
compatibility as far as immediate danger is con- 
cerned, in contrast to the situation as regards the 
A and B blood groups, and this fact explains also 
why ordinarily only the usual typing and cross 
matching procedures (for A and B substances) 
need be done to avoid transfusion reactions. 

The Rh factor is dominant and follows the 
Mendelian laws of inheritance, that is to say, in a 
mating of a genetically fully Rh-positive with an 
Rh-negative individual, the progeny will in- 
variably be Rh-positive. The Rh-positive pro- 
geny, however, may carry a “hidden” or recessive 
Rh-negative gene, and if such an individual is 
mated with an Rh-negative individual, some of 
the progeny will be Rh-negative. An individual 
whose blood is Rh-positive and who carries only 
Rh-positive genes is “homozygot.” An individual 
whose blood is Rh-negative and who carries both 
Rh-positive and Rh-negative genes is “hetero- 
zygot.”’ If the blood of one partner in a mating, 
therefore, is Rh-positive and that of the other is 
Rh-negative, the blood of the progeny will be 
either Rh-positive in all children if the positive 
parent is homozygot, or in one half of all possible 
children if that parent is heterozygot. 

In pregnancy there may be, and probably fre- 
quently is, some intermingling of maternal and 
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fetal blood through leaks in a traumatized pla- 
centa. In the case of an Rh-negative woman 
carrying an Rh-positive fetus such intermingling 
is at first quite unimportant, in contrast to the 
situation of A or B incompatibility with a non- 
secretor fetus, because the mother normally has 
no anti-Rh agglutinin with which to damage the 
fetal red blood cells. For this reason the first 
child in such matings is almost invariably normal, 
even if blood intermingling takes place in such 
an instance. 

The introduction of Rh-positive red cells into 
Rh-negative blood will, however, initiate the 
production of anti-Rh antibodies, so that pro- 
longed or repeated contact of such blood with Rh- 
positive red cells will eventually produce incom- 
patibility. The latter will take the form of 
destruction of the Rh-positive cells, with re- 
sultant transfusion reaction on the part of the 
antibody-producing Rh-negative recipient of 
such cells, or damage to the fetus (e.g., erythro- 
blastosis) in the case of antibodies formed by the 
Rh-negative mother entering the circulation of 
her Rh-positive fetus, which, as a “non-secretor” 
in respect to its Rh factor, cannot protect its red 
cells from the mother’s antibodies by neutralizing 
the latter. 

In other words, once “sensitization” of an Rh- 
negative individual has occurred, the status of 
that particular individual in regard to the Rh 
factor is the same as his or her status in regard to 
the A and B substances. 

The initial lack of anti-Rh antibodies explains 
the fact that the first child in Rh-positive—Rh- 
negative matings is normal, and that transfusion 
reactions due to Rh incompatibility develop only 
gradually with only mild manifestations at first, 
after repeated transfusions of Rh-positive blood 
into Rh-negative individuals, and usually after a 
lapse of time necessary for the development of the 
anti-Rh antibodies. Of the white population, 
about 87 per cent are Rh-positive (negroes g2 to 
95 per cent, Chinese and Japanese, 99 per cent). 
Actually, the proportion of erythroblastic infants 
born of that population is considerably less than 
would be expected statistically, because (1) there 
must (on the basis of existing knowledge) be 
direct contact between maternal and fetal blood 
to initiate development of anti-Rh antibodies, 
presupposing placental leaks, (2) individuals 
differ in their ability to develop sufficiently large 
concentrations (“titers”) of antibodies to cause 
damage, (3) the relatively small number of 
women in our present population having more 
than one or two children naturally diminishes the 
likelihood of erythroblastosis. 
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On the other hand, the increased use of blood 
transfusions in present-day medical practice has 
increased the risk of sensitizing Rh-negative 
individuals by giving them Rh-positive blood, so 
that it occasionally happens that an Rh-negative 
woman will produce erythroblastosis in her first- 
born because she received Rh-positive transfu- 
sions previously, thus enabling her to develop 
anti-Rh antibodies in preparation, so to speak, 
for her Rh-positive child. Conversely, if the 


_ husband of an Rh-negative woman is hetero- 


zygot, the first 2 or 3 children may be Rh-nega- 
tive, so that the first Rh-positive child, even 
though it represents the third or fourth preg- 
nancy, is just as safe as if it were the first-born, as 
there will have been no preceding antibody 
stimulation. Theoretically, at least, an Rh- 
negative woman who as a child received intra- 
muscular injections of Rh-positive blood could 
conceivably be “sensitized,” but the likelihood of 
serious consequences of the form herein discussed 
is certainly remote. 

An apparently complicating feature in the Rh 
picture is the more recently well established 
existence of several Rh types, which may appear 
separately or in several combinations. This de- 
serves mention in this connection only because 
the general medical literature occasionally refers 
to these subtypes by name, and because, even if 
only in rare instances, it is possible for an Rh- 
positive woman to have an erythroblastic Rh- 
positive infant on the basis of an Rh incompati- 
bility. This would be because the father and 
mother happen to represent different Rh types, 
with the infant inheriting from the father an Rh 
factor absent in the mother’s blood. 

An additional complicating feature is the dis- 
covery of still another blood factor (more cor- 
rectly, red blood cell factor), which has been 
called the Hr factor in this country and is ap- 
parently identical with the St factor of British 
investigators. It is present (as determined to 
date) in the red blood cells of all Rh-negative 
individuals as well as in those of individuals 
possessing certain of the Rh factors, that is to 
say, about 75 per cent of the white population is 
Hr-positive (this includes the 13 per cent Rh- 
negative portion as well as all Rho, Rhz and Rh” 
types'). The corresponding Hr antibody can 
contribute cases of incompatibility between Rh- 
positive or Rh-negative fetus and Rh-positive 
mother. Thus, it is necessary to know of this Hr 
factor and its antibody to avoid ignoring the 
possibility of incompatibilities when ordinary Rh 


1 These last three are, of course, ‘“‘Rh-positive”; see appended bibli- 
ography for terminology. 
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and anti-Rh testing seems to indicate freedom 
from danger. 

To the ranks of Rh-positive—Rh-negative in- 
compatibilities must therefore be added those 
occurring among Rh subtypes, the Hr-positive— 
Hr-negative combinations, antibody action on 
nonsecretors in the regular Landsteiner groups, 
and, so far not mentioned, those relating to the 
M, N, and P factors, the latter three long known 
in paternity testing, but otherwise hardly of 
significance clinically. 

The A and B nonsecretors, however, chiefly of 
theoretical interest, were discussed earlier in this 
report only to furnish a more readily compre- 
hensible groundwork for the discussion of the Rh 
and related problems. From the point of view of 
frequency, incompatibilities induced by preg- 
nancy or multiple transfusions remain chiefly an 
Rh-positive—Rh-negative problem. Actually, 
over go per cent of all cases of infant erythro- 
blastosis occur with Rh-negative mothers, with 
the remaining less than ro per cent of cases dis- 
tributed among all the other aforementioned 
incompatibilities, and within this lastnamed 
minor group the Hr factor is probably responsible 
for the majority of cases. 

Laboratory procedures for determining the Rh 
factors and their antibodies are similar to those 
long in use in determining “standard” blood 
groups, but are more difficult to perform and thus 
are subject to misinterpretation. A frequent 
error in many typing laboratories is the reporting 
of an Rh-positive individual as Rh-negative, as 
many improperly controlled sources of such re- 
ports still use commercially advertised typing 
serum of animal origin, which has the triple 
faults of (1) not reacting to all Rh types, (2) re- 
acting poorly in most or many instances in which 
it should produce readable reactions and thus 
causing false negative readings, and (3) of pro- 
ducing false positive reactions in Rh-negative 
infants. Aside from the last named occurrence, 
no anti-Rh typing serum should, theoretically, 
ever give a false positive reading in a properly 
conducted test. 

Many surprisingly weak reactions in vitro 
obtained from blood of women bearing markedly 
erythroblastic infants, and many false negative 
reactions in tests for anti-Rh antibodies have been 
explained by the concept of so called “blocking 
antibodies” (or “incomplete antibodies”), mean- 
ing substances in the serum to be tested which 
attach themselves to Rh-positive red cells (or, 
more correctly, to the Rh factor in those red 
cells) without causing agglutination, thus pre- 
venting ordinary agglutinating antibodies from 


producing a visible reaction. It is now becoming 
apparent that such blocking antibodies run 
parallel and may be identical with the anti-Rh 
antibodies which destroy Rh-positive red cells in 
vivo, and that this test tube phenomenon may re- 
flect artificial differences between reactions occur- 
ring within the bloodstream and those observed in 
the laboratory. This should also serve to explain 
at least in part why the customary “‘cross-match- 
ing” procedures for the regular blood groups were 
done these many years without discovery of the 
Rh factor and its antibody. Such differences are 
further indicated by the fact that the test tube 
reaction upon which we rely almost entirely in 
determining the Rh status is agglutination. 
whereas the reaction within the human body 
appears to be almost entirely one of hemolysis or 
at least of a combination of these two processes. 
Another potential source of confusion is the fact 
that Rh antibodies appear to react best at body 
temperature, i.e., they are “warm agglutinins,” 
in contrast to anti-A and anti-B antibodies, which 
are “cold agglutinins.” Recently developed 
modifications of testing methods have largely 
overcome these handicaps, and Rh typing is now 
an adequately sensitive and dependable test with 
the right reagents and in trained hands.! 

A so called “biologic test” has been described 
and recommended, consisting of the introduction 
of a small amount of Rh-positive blood (e.g., 50 
c.c.) into the circulation of an Rh-negative in- 
dividual, with testing of the latter’s serum for 
evidence of subsequent hemolysis as an index of 
the presence of antibodies, but this procedure is 
considered by the writer to be reprehensible and 
at this time unjustified, as it obviously tends to 
stimulate antibody production where there was 
none before. It is well established that minute 
amounts of Rh-positive red blood cells (such as 
are assumed, for example, to escape into maternal 
blood through damaged placental villi) may 
suffice to stimulate such a reaction. 

The only good sources of spontaneously oc- 
curring dependable anti-Rh typing serum at 
present available are women who have recently 
given birth to erythroblastic infants, and, much 
more rarely, Rh-negative individuals who have 
reacted to multiple Rh-positive transfusions. 
Such women should, therefore, if healthy, be 
urged to contribute blood while their antibody 
titer is high, and can be paid for such donations 
at the usual rates, as the Blood Grouping Labora- 


1See appended pny cnr It is essential, in this writer’s opinion, 


that any laboratory or blood bank worker who performs anti-Rh a 
read the papers dealing with these recent modifications, as the latter 
represent a radical improvement over the original technique in the 
direction of both simplification and dependability. 
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tories in Boston (Dr. Diamond) will, on receipt of 
such blood, credit the sender with typing serum 
in proportionate amounts. 

New sources of high titer typing substance in 
probably ample amount are now available, ob- 
tained by fractionating serum from Rh-negative 
individuals with artificially stimulated anti-Rh 
antibody production. This procedure is the same 
as, or similar in principle to, that previously in 
effect for the production of high titer anti-A and 
anti-B substances. 

Rh-negative donors should, of course, be avail- 
able through hospital lists for transfusions. It 
goes without saying that their standard blood 
groups must be established as well. Such lists 
cannot, however, include women who have given 
birth to erythroblastic infants, as their blood is 
apt to contain some anti-Rh antibodies at all 
times. 

In view of the comparative scarcity of de- 
pendable anti-Rh typing serum to date, as well as 
of the fairly well established scope of the Rh 
problem in medical practice, it is at present 
neither desirable nor necessary to type every 
patient routinely for this factor. It is, however, 
proper that typing for the Rh factor be done, 
prior to transfusions, in any female patient before 
and within the child-bearing age, in all pregnant 
women, in any postmenopausal woman with a 
history of having borne erythroblastic infants, 
and in any individual, male or female, who is to 


receive multiple transfusions over an extended 
period. 

If a hospital patient is found to be Rh-negative, 
and if there is a history of previous unexplained 
transfusion reactions or of erythroblastic progeny, 
the blood should automatically be examined also 


for anti-Rh antibodies. If a patient is Rh-posi- 
tive, but if there is clinical ground for suspicion of 
blood incompatibility—as, for example, in a 
pregnant woman with a history of abnormal 
deliveries'—her blood as well as that of the 
husband may be sent to Dr. Philip Levine or to 
Dr. Diamond for Rh subtyping and Hr typing, at 
least until such time as hospitals generally may 
have available the necessary testing materials for 
determining Rh subtypes, Hr bodies, etc. in 
their own laboratories. 

If anti-Rh antibodies are found in a pregnant 
woman, the physician should be notified and may 
then consider prophylactic procedures such as 
premature induction of labor or cesarian section. 


1 The term “‘abnormal deliveries” should not include ane meieeiin, 
such as anencephalics, as both embryologically and on the basis of 
clinica] experience Rh incom — cannot be incriminated for such 
aberrations. This applies also to the relatively frequent miscarriages 
early in pregnancy. 
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In addition, preparations should be made in 
advance of delivery for immediate checking of the 
infant’s blood and clinical status, with considera- 
tion of immediate transfusions of Rh-negative 
blood, not from the mother. With such a treat- 
ment plan an anatomically normal-appearing 
infant, even if jaundiced at birth, should recover 
completely. The chief risk is central nervous 
system damage from prolonged kernikterus, i.e., 
jaundice of the cerebral basal nuclei, but such 
risk is slight if jaundice is not permitted to be- 
come profound or to persist over a long period. 

If a woman whose Rh status has not been 
previously determined is delivered of an infant 
which is jaundiced, or edematous, or unusually 
pale, and if the physician wishes to prove or rule 
out erythroblastosis due to a blood incompati- 
bility without delay and with the fewest labora- 
tory procedures, he should order a blood smear 
study on the baby (“differential count”’); if this 
reveals erythroblastosis, preparations for trans- 
fusions of nonmaternal Rh-negative blood should 
automatically begin, with simultaneous determi- 
nation of the baby’s Rh and the mother’s anti-Rh 
status, the latter tests to be done at that time 
chiefly to avoid the unlikely but possible accident 
of giving Rh-negative and thus Hr-positive blood 
to an Rh-negative baby carrying maternal anti- 
Hr antibodies. When possible, the placenta 
should be saved in all such cases for pathologic 
study. 

There has been some published controversy as 
to the merits of giving erythroblastic infants 
Rh-positive blood, on the assumption that the 
anti-Rh antibodies transmitted by the mother to 
the infant might be more rapidly neutralized by 
the additional Rh-positive red cells. Even if this 
be granted (disregarding the clinical impression 
that such antibodies within the infant frequently 
are not free for complete neutralization at any 
one time, but are somehow ‘‘bound” and are 
released only gradually to act on the infant’s red 
cells), it should be kept in mind that the neu- 
tralizing of such antibodies is taking place within 
the living infant, not in a test tube, and that it 
represents a wholesale destruction of red cells 
within the body without substitution of non- 
affected red cells, so that an additional burden is 
placed on an already damaged liver as well as 
indirectly upon other tissues in the form, at least 
in part, of anemic anoxia. It would therefore 
seem more sound physiologically merely to re- 
place the infant’s own destroyed Rh-positive cells 
with “indestructible” Rh-negative cells until the 
remaining maternal antibodies have diminished 
to the point of harmlessness, which will inevitably 
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be the case within a few weeks postpartum and 
usually occurs long before that. Obviously, the 
older the baby, the safer the infusion of Rh- 
positive red cells will be, assuming there is still 
need for transfusions to combat a lingering 
anemia (due to delayed recovery of the baby’s 
bone marrow) after the anti-Rh antibodies are no 
longer in evidence. 

Lacking Rh-negative donors, the mother’s Rh- 
negative red cells may be infused into the infant 
after they have been separated from their serum 
and are resuspended in saline, as the maternal 
anti-Rh antibodies exist only, of course, in the 
serum and can be eliminated by such separation. 
The father’s blood is obviously not suited, as it is 
factors inherited from the father which are in the 
first place responsible for the damage to the 
infant. 

Attention is called to the possibility of in- 
creased danger of hemorrhagic damage to an 
erythroblastic fetus during prematurely induced 
labor. Whether this represents an actual hazard 
in practice remains to be seen, but it must be 
considered in weighing the relative merits of 
labor induction versus cesarean section. 

The practicing physician’s greatest problem is 
that of advice to Rh-incompatible parents. He 
must first assemble and evaluate all pertinent 
data, i.e., past clinical and laboratory evidence, if 
available, of the mother’s “antibody potential” as 
reflected in antibody titer and severity of damage 
to previous offspring; and the possibility that the 
husband may be heterozygot. The latter in- 
formation can usually be obtained in such cases, 
as it will be remembered that there appears to be 
a definite relationship between occurrence of the 
Hr factor and the absence of any or presence of 
only certain Rh factors in the blood, which makes 
it possible to attempt laboratory determination of 
heterozygot individuals by the combined use of 
anti-Hr and specific anti-Rh sera. Rh typing of 
the husband’s parents and siblings or of previous 
children, if there are several, may permit de- 
termination of heterozygot make-up of the 
husband without recourse to Dr. Diamond’s 
laboratory, as, for example, one Rh-negative 
sibling of the husband or one Rh-negative child is 
sufficient to prove such status. 

Advice to parents may include warning against 
becoming pregnant immediately following de- 
livery of an erythroblastic infant (to permit 
antibody level in the mother to subside) and 
should include urgent suggestion for prenatal 
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antibody checking and possibly psychologic 
preparation for cesarean section or premature 
induction of labor. It is furthermore essential 
that the mother refrain from nursing an erythro- 
blastic child, as her milk will contain the anti- 
bodies responsible for the infant’s disease. On the 
other hand, if the husband is heterozygot or the 
woman’s antibody potential appears to be low, 
the possibility of entirely normal children should 
be kept in mind by the physician and should be 
explained to the parents in advance, so that the 
latter will not lose confidence in the advising 
physician because of apparent discrepancies be- 
tween his expressed fears and their experience, in 
the event of an entirely normal pregnancy follow- 
ing discussion of their problem. 

To compensate for the superficial consideration 
in this discussion of the technical and scientific 
(specifically genetic) details on which this subject 
is based, the appended list of selected origin: ! 
reports is recommended as representing complete, 
detailed and authoritative information, beyond 
the needs of the practicing physician, but ob- 
ligatory reading for a complete blood bank or 
responsible laboratory. 


Nore. Additional experience since this paper was 
written (Autumn, 1945) has confirmed my opinion that it 
is not good practice to give more than very small amounts 
of fluids intravenously to premature infants. If fluids are 
required, subcutaneous administration probably carries 
with it the least danger of cardiovascular embarrassment. 
This practice deserves mention here because of the tend- 
ency in some quarters to give blood “prophylactically” to 
infants in whom erythroblastosis has not been demon- 
strated, but in whom its possible development is antici- 
pated. If labor has been induced or cesarean section 
performed prematurely on the basis of high and rising 
antibody titer in the mother, the prematurity of the infant 
must be considered as a deterring factor when intravenous 
fluid administration, especially of whole blood, is con- 
templated. If there is evidence of already developing 
erythroblastosis, the combined use of relatively concen- 
trated red cell suspension in saline intravenously and of 
plasma subcutaneously (the latter, of course, as non- 
specific supportive ~ Bm and provider of plasma 
proteins) is recommended. 
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“INFLAMED AND INJURED 
TISSUES NEED REST” 


ODAY when so much emphasis is 

being placed upon the ambulatory 

treatment of fractures of the lower 
extremity, and upon early rising after abdom- 
inal operations, after operations for hernia and 
after childbirth, it may be worth while to re- 
call some of the principles of Hunter, of Hilton 
and of Hugh Owen Thomas, and their insist- 
ence upon the importance of rest in wound 
healing. 

The names of John Hunter and his older 
brother William are familiar to every medical 
student; that of Hilton probably much less so. 
John Hilton (1807-1878) began the study of 
medicine at Guys’ Hospital when only 17; re- 
ceived his diploma at the age of 21, and then 
entered the dissecting room as demonstrator 
of anatomy. For 17 years he worked in the 
dissecting room and postmortem room before 
he was appointed, at the age of 38, assistant 
surgeon to the hospital and lecturer on anato- 


my. In 1863, after the completion of a series 
of lectures before the Royal College of Sur- 
geons he published these lectures in a small 
volume Rest and Pain' which exerted a pro- 
found influence both on his contemporaries 
and on succeeding generations of surgeons, on 
no one more than on his admirer, Hugh Owen 
Thomas. His essential philosophy he ex- 
pressed very clearly at the close of his four- 
teenth lecture: 

“By regarding this subject of physiological and 
mechanical Rest in what I conceive to be its proper 
professional light, the surgeon will be compelled to 
admit that he has no power to repair directly any in- 
jury. It will induce him to acknowledge, in all hu- 
mility, that it is the prerogative of Nature alone to 
repair the waste of any structure. He will thus 
realize that his chief duty consists in ascertaining 
and removing those impediments which obstruct the 
reparative process, or thwart the efforts of Nature, 
and thus enable her to restore the parts to their 
normal condition.”’ 

To secure the rest which he considered of 
fundamental importance in wound healing (as, 
of course, did John Hunter and many others 
before him) he constantly drew upon the ex- 
tensive anatomical knowledge acquired during 
his long years of apprenticeship in the dissect- 
ing room. His emphasis upon the importance 
of pain as an indication both to diagnosis and 
to treatment, and his method of providing 
rest for inflamed tissue are pointedly brought 
out in his discussion on inflamed joints in 
Chapter VII: 


“T may remind you that when a joint becomes in- 
flamed, it is painful and difficult of movement; it 
becomes involuntarily fixed by Nature’s own proc- 
ess, thus securing comparative rest to the interior 
of the joint. Indeed, we may lay it down as an axiom 
that Nature instinctively renders an inflamed joint 
comparatively fixed and flexed.’’ 

1Rest and Pain; a Course of Lectures on the Influence of Me- 
chanical and Physiologica] Rest in the Treatment of Accidents 
and Surgical Diseases, and the Diagnostic Value of Pain. By 
the late John Hilton, F.R.S., F.R.C.S., edited by W. H. A. 
Jacobson, M.A., M.B., M.Ch. (Oxon.), F.R.C.S. London: G. 
Bell and Sons, Ltd., 1930. 


749 








750 SURGERY, GYNECOLOGY AND OBSTETRICS 


He goes on to describe the innervation of 
joint and surrounding muscles that permits 
and brings about the rigid muscle contractions 
that immobilize and protect the affected joint. 
The obvious corollary is the careful splinting 
that provides a substitute and relief for the 
contracted muscles, and permits the painful 
spasm to subside and still insure the needed 
rest. 

The same principle of relief of painful and 
spastic muscle contraction resulting from in- 
flammation of surrounding tissue is exempli- 
fied by many types of cases—fractured bones, 
suppurating joints, osteomyelitis, nerve in- 
juries, rectal and anal ulceration, etc., etc. A 
somewhat broader application of the principle 
of rest that carries its own connotations is his 
amusing account of a patient with a chest 
injury (Lecture X1): 

“A physician, residing not very far from me, had 
under his care a patient who had received a blow 
upon his chest by a fall upon the part; and as he was, 
after several days, still suffering a good deal of pain 
in breathing, the physician asked me to see him in 
reference to the possibility of fractured ribs. I could 
find no fracture; but I observed that the patient had 
a most worrying wife. She was incessantly talking 
to him day and night, and there were continual con- 
tentions between them upon domestic affairs. I sug- 
gested to the physician that the sole cause of the 
pain was, in all probability, produced by the patient 
constantly moving the injured or bruised soft parts, 
by using his chest and lungs in speaking. All I rec- 
ommended was, that he should hold his tongue, and 
have his chest bandaged. I requested that his wife 
would not say a word to him, but would provide him 
with a slate and pencil so that he might write down 


all his desires. From that time he got quickly well 
by local rest.” 


One believes that Weir Mitchell would have 
approved of this treatment. 

Perhaps better known to the surgeon of to- 
day than Hilton is his follower and admirer, 
that doughty little man with peaked cap and 
ever-present cigarette to whom every worker 
in the field of bone and joint surgery is so 
greatly indebted, Hugh Owen Thomas (1834- 
1891). Thomas went still further than Hilton 


in his insistence on “enforced, uninterrupted 
and prolonged rest.” 


“His message to the surgeons of his time was that 
they did not understand the meaning of the word 
‘rest.’ Hilton, he said, fixed a limb in a splint, and 
believed he had given it rest. Immobilisation he held 
to be the first requisite, but it must be applied in 
such a way that the diseased part was not compress- 
ed, nor the normal circulation of the limb in any way 
interfered with. All forms of plaster-splint necessa- 
rily exert an injurious pressure, and for that reason 
and several others he abandoned them at an early 
stage of his practice. Pressure, he held, was a form 
of restlessness or irritation. If he applied a stiff or 
elastic bandage to a diseased knee-joint, so as to 
compress and surround it, he held that in so far as he 
lessened the movement of the joint he assisted repair; 
but in so far as he compressed it he hindered repair 

Rest had to be continued without interruption 
until all trace of unsoundness had disappeared from 
the joint, and then, that point being reached, the 
cure would be completed by the gradual return of 
natural voluntary movements.”’ 


Keith in his delightful chapter on “The 
Principles and Practice of H. O. Thomas” 
Menders of the Maimed' goes on to cite his 
application of the principle of rest in a condi- 
tion with which we rarely connect the name of 
Thomas—obstruction of the bowel: 


“The treatment of the case I have selected for an 
example has been placed on record by his nephew, 
Sir Robert Jones. 

“«T remember well how Mr. Thomas called the rela- 
tives together and told them he was going to make a 
fight for the patient’s life. He urged them to be 
loyal and to help him, and, to add to his persuasion, 
he threatened them with a coroner’s inquest if they 
gave the patient anything without express permission. 
Above all things the patient was to have no milk; 
that curdled and loaded the bowels with solids. Then 
the foot of the bed was to be elevated to lessen the 
pressure in the abdomen; a morphia injection was 
given, and nothing but sips of water with a little 
arrowroot. For the first few days he visited the pa- 
tient five or six times a day. Almost immediately the 
vomiting was reduced to about once in twenty-four 
hours, the patient became easy and slept, but the 
abdomen was tense. Twice he performed paracente- 
sis (for the relief of pressure), being careful not to 
allow the trocar toremain in the intestine longer than 
a few minutes, for fear of a fistula. On the twenty- 
fourth day, at intervals, a very little flatus was 
passed, on the twenty-sixth large quantities, and 

1Menders of the Maimed; the Anatomical and Physiologica! Principles 
Underlying the Treatment of Injuries to Muscles, Nerves, Bones, and 
Joints. By Arthur Keith -D. (Abdn.), F.R.C.S. (Eng.), LL.D 


(Abdn.), F.R.S. London: Henry Frowde; Hodder & Stoughton: Oxford 
University Press, 1919. 
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later in the day a few small scybalae. Again, during 
the night a copious pultaceous motion, and this again 
followed for three days by prodigious quantities of 
thin faecal] fluid.’ 

‘From the method in which that case was treated 
we see that rest was to be applied with the meticu- 
lous care and rigidity of a Calvinistic doctrine. Rest 
was to be secured first, by sedatives—to place the 
bowel at ease and relieve pain; the bowel was to be 
restrained from all manner of work by absolute star- 
vation; he declared he had never seen starvation 
cause death in a case of intestinal obstruction, how- 
ever prolonged. The bowel was not to be disturbed 
by any act whatsoever, such as the giving of enemata 
or ‘rectum tickling,’ as he most unprofessionally 
phrased the practice. ‘Nature,’ he said, ‘is late in 
working a relief, and patience is needed.’ His critics 
said his treatment of intestinal obstruction was not 
new, and modern surgeons will declare it to be bad. 
His medical critics, however, were wrong; opium and 
starvation had been often prescribed and employed 
in such cases; rest had been enjoined, but Thomas 
was the first to apply rigidly and completely the 
principle of rest as a logical system to such condi- 
tions, and to carry it out in the form of ‘enforced, 
uninterrupted, and prolonged rest.’ ”’ 


Many illustrations of the emphasis on rest 
in modern therapy can be quickly called to 
mind. The treatment of tuberculosis by rest 
of the body and rest of the involved lung is the 
very basis of modern therapy. Wangensteen, 
Miller and Abbott introduced an effective 
method of combatting intestinal obstruction 
that exemplifies the principles Thomas stress- 
ed so clearly. Orr applied the teachings of 
Hilton and Thomas to the care of osteomyeli- 
tis and gave a new meaning to the words “en- 
forced, uninterrupted and prolonged rest.” 
More recently Dragstedt has applied the prin- 
ciple to the treatment of inflamed and ulcer- 
ated gastric and duodenal mucosa by remov- 
ing the irritating influence of excessive gastric 
secretion through division of the vagi. 

Accurate and painstaking as were the exper- 
imental observations of Hunter, the studies of 
Hunter and Hilton in dissecting room and post- 
mortem room and the clinical observations of 
all three men neither Hunter nor Hilton nor 
Thomas had the opportunity of following the 
process of wound healing by microscopic stud- 
ies of tissue from experimentally produced 


wounds. It is of interest then to note that in 
reports of such studies by many workers 
(Harvey, Howes, Mason and Allen, and 
others) the lag period of wound healing is con- 
stantly emphasized, and the fact that during 
this initial period of from 4 to 6 days the 
strength of the wound depends solely upon the 
suture material used. Mason and Allen! have 
shown that in the case of sutured tendons the 
tendon ends become swollen, soft, almost gel- 
atinous, and that tension applied during this 
early period can result only in cutting through 
of suture material and separation of tendon 
ends. Howes and Harvey’ have stated: 


“From this study, one is able to say that fibro- 
plasia starts abruptly at the fourth day and proceeds 
with decreasing velocity until a maximal strength 
for this phase of healing is reached around the twelfth 
to the fourteenth day and that by the sixth, approxi- 
mately one third and by the eighth, approximately 
two thirds of this strength is obtained. This, of 
course, is readily checked against and correlates with 
surgical experience. This phase of fibroplasia has 
been studied in wounds of all tissues in which the 
normal tensile strength is greater than the maximum 
of the fibroplastic process and the velocity curves of 
fibroplasia are identical in type.” 

The fact that at a later period during the 
process of healing physiologic tension and ac- 
tivity provide a helpful stimulus to sound 
healing of soft tissues, of tendon and of bone 
was well recognized by Hunter, by Hilton and 
Thomas; and again has been confirmed by 
many well controlled experimental studies. 
Until time has elapsed for fibroplasia to be- 
gin—and its beginning will be influenced, as 
Howes has stated, “by careful surgical tech- 
nic, with the minimizing of infection and con- 
tamination in the wound, and with the inser- 
tion of small amounts of suture material” — 
the “injured and inflamed tissues need rest.” 
It is obviously not the answer to every prob- 
lem. It is a principle of wide application and 
far reaching importance. SuMNER L. Kocu. 

1Mason, M. L. and Allen, H.S. The rate of healing of tendons. Ann. 
Surg., 1941, 113: 424-459. 


Howes, E. L. and Harvey, S. C. The clinical significance of experi- 
mental studies in wound healing. Ann. Surg., 1935, 102: 941-946. 
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REVIEWS OF 


E are happy to welcome the Journal of the 

W History of Medicine and Allied Sciences to 

the company of surgical and medical jour- 
nals. The motive for this journal and its purpose 
are so clearly set forth by Editor George Rosen’s 
introductory pages that we repeat a few sentences: 

“History is one of the most powerful driving forces 
in human development. Every situation that man 
has faced and every problem that he has had to solve 
have been the product of historical developments 
and processes. ... To understand our own society, 
to be capable of playing an intelligent réle in shaping 
our own civilization, we must have knowledge of the 
actions of the past.... During the past seventy-five 
years a large part of the medical profession has 
turned away from the history of medicine.... We 
sincerely believe that this trend has resulted in a 
serious loss for a profession which by implication 
still acknowledges the importance of the historical 
approach each time it writes or speaks of the case 
history. In part, also, the onus for this trend may be 
attributed to medical historians who were not al- 
ways able to make medical history the living, dy- 
namic thing that we believe it to be. We do not 
want to cultivate medical history as a mere search 
for antiquities, as a kind of hunt for curios, but 
rather as a vital, integral part of medicine.” 

No one would have agreed more whole heartedly 
with Dr. Rosen than Osler, Welch, Cushing and 
Cutter—men to whom the memories and achieve- 
ments of the great doctors of the past were living and 
integral parts of our heritage and our present day 
attainments. 

A partial list of the table of contents of the first 
number will give the reader a clue as to the scope of 
the new journal: Some Galenic and animal sources 
of Vesalius; the London years of Benjamin Water- 
house; a note on William Blake and John Hunter; 
pharmacopoeias as witnesses of world history; the 
two earliest dentistry woodcuts; Bernardino Mon- 
tafia de Monserrate: author of the first anatomy in 
Spanish; medical education in 17th century England. 

The editors of SuRGERY, GYNECOLOGY AND OB- 
STETRICS extend best wishes to the new journal and 
high hopes for its success. 


S §- Manual of Surgical Anatomy by Tom Jones 
and Wi lard Shepard was prepared under the 
auspices of the Committee on Surgery of the 


‘JOURNAL OF THE History OF MEDICINE AND ALLIED SCIENCES. New 
York: Henry Schuman, 1946. 

2A MANUAL oF SuRGICAL ANATOMY. Prepared under the Auspices of 
the Committee on Surgery of the Division of Medical Sciences of the 
National Research Council. By Tom Jones and W. C. Shepard. Phila- 
delphia and London: W. B. Saunders Co., 1945. 


NEW BOOKS 


Division of Medical Sciences of the National Re- 
search Council. It is one of a series developed “to 
furnish the medical departments of the United 
States Army and Navy with compact presentations 
of necessary information in the field of military sur- 
gery.” 

The objectives are plainly set forth in the fore- 
word. According to Major General Kirk, in the sur- 
gery of trauma great demands are made upon the 
surgeon’s knowledge of anatomy; in the treatment 
of traumatic injuries under the exigent conditions of 
war a concise atlas of applied anatomy is required 
to permit “a rapid visual review of any part of the 
body and the proper surgical approaches to the 
various regions.” 

In a second foreword Vice Admiral McIntire 
commends the artists for the preparation of “line 
drawings which for accuracy and simplicity may 
be considered unsurpassed.”” These comments and 
commendation record the chief characteristics and 
the successful nature of the Manual; they merely 
require elaboration. 

The figures are arranged in the following order, 
and with the indicated coverage in pages: head and 
neck (33 pages); thorax, abdomen, and pelvis (49); 
upper extremity (49); lower extremity (30). The 
section on illustrations is followed by a 55 page 
explanatory index, which is essentially a glossary. 
It not merely lists the structures pictured, but de- 
fines many of them and augments the attendant 
legends. Many of the figures are executed in such a 
way that surgically important deep structures are 
projected (usually in color) in relation to super- 
ficial, palpable, landmarks. For example, in purely 
anatomical pictures, cerebral ventricles, dural 
venous sinuses and tributary veins are shown in 
interrelationship and in their relationship to cerebral 
gyri and to bones of the skull; accessory air sinuses 
and salivary glands in relationship to regions of the 
face; palmar synovial sheaths, to skeleton and to 
surface markings; vessels and nerves, to bones of the 
extremities. In anatomicosurgical illustrations, 
which are grouped in sets for the major divisions of 
the body, the same very serviceable scheme is em- 
ployed on even more ambitious scale. In the plate 
depicting pericardotomy, for example, the series be- 
gins with transverse section showing the anatomical 
route of approach to the heart; this is followed by 
one recording skin and muscle incisions in relation 
to the costal cartilages; another, to expose costal 
cartilages; then, successively, pleura, pericardium, 
and heart with coronary vessels. Thoracotomy, 
sympathectomy, laparotomy, lumbar sympathetic 
block, arthrotomies for all major joints, approaches 
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to all long bones commonly involved in fractures are 
illustrated with equal ingenuity. Ingenuity’s hand- 
maiden, economy, is here an able supporter. Surface 
landmarks, topographical succession in transected 
part, and structures serially encountered in the 
incisional route are almost invariably shown in a 
single plate of multiple figures with carefully selected 
labelling of crucial elements and in a pattern of 
arrangement reflecting the best in artistic taste and 
the highest in pedagogic value 

All drawings were done with the line technique. 
They are uniform, strikingly clear and invariably 
crucial. 

It is earnestly to be hoped that, when the needs of 
the Army and Navy have been met, the book will be 
made available for regular commercial sale to medi- 
cal schools. The undersigned would encourage his 
own students to purchase this excellent manual. 

Barry ANSON 


HE two volumes entitled Clinical Cystoscopy! 

by Lowrain E. McCrea can be recommended 
without reservation to everyone interested in 
urology. The make-up of the books is exceptionally 
well done. The type is large and easy to read, the 
paper is of unusually good quality with a glossy 
surface that reproduces very well the photomicro- 
graphs, drawings, diagrams, pictures and actual 
color photographs There are 667 illustrations of 
which 1096 are in color. 

The first volume concerns the cystoscope, its 
history and use in diagnostic procedures of the 
bladder and ureters. In its seventeen chapters can 
be found reference to nearly everything that is 
known in modern urology. The section on cysto- 
scopic photography is proof of the author’s creative 
genius in perfecting a camera that will take color 
pictures intravesically. The actual color photo- 
graphs of the bladder mucosa, both normal and 
diseased, are accurate and life-like. Nothing like 
them can be found in any similar publication. This 
contribution to the specialty is the result of many 
years of patient labor and is definitely worth the 
effort. 

The second volume is divided into fifteen chapters, 
eleven of them are devoted to the kidney. Renal 
anomalies, function tests, injuries, infections, calculi, 
cysts and tumors are treated in an interesting and 
able manner. Chapter XXII discusses medical dis- 
ease of the kidney, a subject not usually covered in 
a urological text. The last three chapters deal with 
urology in women and children and urological 
roentgenography. At the end of each volume is an 
excellent bibliography covering the subjects dis- 
cussed in the respective chapters. 

The author has been faithful in his intention to 
present a concise yet complete compendium of every 
disease observed or diagnosed by the cystoscope. 
He has presented his material in such a manner as to 


1CurnicaL Cystoscopy: A TREATISE ON Cystoscopic TECHNIC, 
DIAGNOSIS, PROCEDURES, AND TREATMENT. By Lowrain E. McCrea, 
M.D., F.A.C.S. Philadelphia: F. A. Davis Co., 1945. 


make one feel that urology is an important field of 
medical endeavor. The accuracy of modern methods 
of diagnosis and treatment is clearly emphasized. 
We feel that Dr. McCrea has made an important 
contribution to modern urological literature. 
EpmMunp CROWLEY 


Te interesting monograph entitled History of 
Surgical Anesthesia? by Thomas Keys has an 
introductory essay by Chauncy D. Leake and a 
concluding chapter on the future of anesthesia by 
Noel A. Gillespie. The excellent introductory com- 
ment of Chauncy Leake reviews his personal con- 
tacts with anesthesia. He stresses the lack of funda- 
mental knowledge regarding the basic concepts of 
pain, and marvels at the accomplishments in the 
relief of pain regardless of the gaps in our knowledge 
still unbridged. 

Thomas E. Keys was reference librarian for the 
Mayo Clinic and, as a major with the medical corps 
was assigned to the Cleveland branch of the Army 
Medical Library. These unusual contacts, to- 
gether with the author’s keen historical perception 
have made possible this exciting human story of the 
development of surgical anesthesia. 

The work includes a revision of the five essays 
which were published in Anesthesiology, revision of 
chronology, and a selected list of references arranged 
by author and subject. 

The author has made it his responsibility to cor- 
rect many of the errors which have crept into the 
history of anesthesia and to try to present with an 
unbiased judgment, based on historiography, the 
main contributions. The work will provide for the 
medical student an interesting picture of the drama 
of progress in anesthesia during the past 100 years. 
It will provide the anesthetist with a résumé and 
bibliography, and the discerning anesthesiologist 
with an up-to-date compilation of many historical 
facts of anesthesia and related subjects. It can be 
highly recommended as a concise volume of factual 
information regarding the history of surgical anes- 
thesia. Mary Karp 


Sh. second edition of Nitrous Oxide-Oxygen 
Anesthesia? by Clement is enlarged by the 
addition of 20 pages and 22 engravings. 

The more important additions or changes in the 
second edition concern the nitrous-oxide theory of 
anesthesia, the technique of administration of ni- 
trous-oxide oxygen, the practical and applied physi- 
ology of anesthesia, the mechanism and treatment 
of shock, the dangers of prolonged oxygen deficiency, 
and details as to the use of the nasopharyngeal air- 
way in dental practice. The discussion of shock as it 
concerns the anesthetist has been markedly im- 
proved in this new edition. The section on physi- 
ology has been enlarged and improved through 


*TuHe History oF SurGicaL ANESTHESIA. By Thomas E. Keys. New 
York: Schuman’s, 1945. 

*Nrtrous OxipgE-OxyGEN ANESTHESIA; MCKEsson-CLEMENT VIEW- 
POINT AND TECHNIQUE. By F. W. Clement, Major M.C. (A.U.S.) 2d ed. 
Philadelphia: Lea & Febiger, 1945. 
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inclusion of recent advances in research. Considera- 
ble space has been devoted to a discussion of airways 
and particularly to endotracheal technique in 
anesthesia. As in the first edition there is an excel- 
lent review of the signs and symptoms which de- 
velop under nitrous-oxide anesthesia and a helpful 
chapter devoted to the significance of cyanosis. 

Full consideration has been given to preoperative 
medication and this subject is now set apart in a 
special section. Basic instructions for the adminis- 
tration of nitrous oxide-oxygen are not markedly 
changed from those of the first edition. 

The author emphasizes by repetition the need for 
preoperative medication; for supervision of anes- 
thesia by a well trained and experienced anesthetist; 
for active co-operation of surgeon with anesthetist; 
and for an alert anesthetist who can recognize 
promptly the symptoms of impending shock and 
institute proper therapy. Mary Karp 


T is always delightful, after an absence of months, 
to greet old and admired friends; and when they 
appear in a jaunty new outfit and still sparkling with 
enthusiasm and helpful ideas our admiration is re- 
doubled. The new sixth edition of Homans’ Text- 
book of Surgery! brings also an unwelcome reminder 
of the inexorable passage of time: the distinguished 
author is now Clinical Professor of Surgery, Emeri- 
tus; nine of the twenty-two original contributors 
have passed into the Great Beyond—all in the fifteen 
short years since the appearance of the first edition. 
It is hardly necessary to point out again what a 
felicity of style and expression, what delightful 
glimpses of historical background and what a rich 
sense of humor? Homans has added to a compre- 
hensive grasp of surgical principles and technique to 
make this volume an outstanding contribution to the 
literature of surgery. He has made the task of the 
surgical student a pleasant one and has broadened 
his outlook in every direction. 

14 TexTBook or SurGEry. By John Homans, M.D. 6th ed. Spring- 
field, I].: Charles C. Thomas, 1945. 

**That astonishing old genius Hippocrates”; ‘‘. . . . phenol, the hoary 
progenitor of chemical antiseptics’; ‘‘not until Vesalius wondered 
sarcastically at the ‘nandiwork of the Almighty’ ’’ (p. 61) are typical 
Homansesque phrases that bring sparkle and zest to lure the reader on 
ag make the beginner realize how fascinating the subject of surgery can 
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It is always difficult in reading a new edition of so 
comprehensive a treatise to gauge accurately the 
changes and revisions that have been made. As 
Homans says in his preface ‘‘the value of chemo- 
therapy .... has been affirmed ...., the advantage 
of complete immobilization of wounded limbs has 
been supported, . . . . and transfusion of whole 
blood .... has been found superior to the use of even 
the best of the blood substitutes.’’ These statements 
indicate a few of the lines along which changes and 
additions have been made. Fortunately sufficient 
time has passed since the introduction of the sulfona- 
mides and penicillin to give the author an opportu- 
nity to make considered statements concerning their 
indications and use: “(the sulfonamides) tend to 
sterilize the blood stream .. . . but they do not kill 
the bacteria in the initial lesion which still requires 
surgical drainage” (p. 73). “. ... the local use of 
such agents in abdominal wounds will probably... . 
be entirely abandoned (Allen). Intravenous ad- 
ministration of the sulfonamides results in a rapid 
high concentration of these drugs in the peritoneal 
fluids Foreign body reactions occur in the ab- 
dominal cavity after local use of the less soluble 
members of the group” (p. 918). Penicillin is re- 
ferred to frequently, particularly in connection with 
spreading infection of cellular tissue, septic sore 
throat, osteomyelitis, infections of the brain and 
meninges, of the ear and eye, of the pleural cavity, 
and of the genitourinary tract. 

Blood vessel suture, blast, the immersion syn- 
drome, the treatment of burns, the surgery of the 
sympathetic and parasympathetic system (unusually 
comprehensive), external fixation of fractured bones, 
the technique of skin grafting—are only a few of 
many subjects which have been enlarged upon or 
included for the first time. 

The bibliographical index—a distinctive feature 
of Homans’ Textbook—again directs the reader 
quickly and accurately to sources where he may 
find more detailed discussion and information of 
specific subjects. All in all the interested reader 
cannot fail to realize how well the whole field of sur- 
gery has been covered and what a distinctive contri- 
bution Homans has made to surgical literature. 

SuMNER L. Kocn 
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OUTLINE OF PROGRAM FOR CLINICAL 


CONGRESS AP- 


PROVED BY BOARD OF REGENTS OF AMERICAN 
COLLEGE OF SURGEONS 


T a meeting in Hot Springs, Virginia, on 
April 1, the Board of Regents of the 
American College of Surgeons approved 
a preliminary program for the Clinical 

Congress, to be held at the Waldorf-Astoria in 
New York City from September 9g to 13, in ac- 
cordance with the following outline: 


Monday, September 9 


10:00 General Assembly for Surgeons and Hospital Repre- 
sentatives, Grand Ballroom 
1:30-3:00 Panel Discussion, Empire Room 
2:00 Clinics, Demonstrations and Clinical Group Confer- 
ences, Selected local hospitals. 
2:00 Hospital Conference, Sert Room. 
1:00 Surgical Film Exhibition (General), Grand Ballroom. 
3:00-5:30 Assembly of Initiates and reception, Grand 
Ballroom. 
3:00-5:00 Panel Discussion, Empire Room. 
8:00 Presidential Meeting and Convocation, Grand Ball- 
room 


Tuesday, September to 


g:00 Clinics, Demonstrations and Clinical Group Confer- 
ences, Selected local hospitals. 
10:00 Hospital Conference, Sert Room. 
9:30 Surgical Film Exhibition (E.E.N.T.), Jensen Suite. 
9:30 to 12:00 Forum on Fundamental Surgical Problems, 
Grand Ballroom. 
10:00 Surgical Film Exhibition (General), Empire Room. 
11:00 Group Clinical Conferences 
Ophthalmology 
Otorhinolaryngology 
1:30 to 3:00 Panel Discussion, Grand Ballroom. 
2:00 Clinics, Demonstrations and Clinical Group Confer- 
ences, Selected local hospitals. 
2:00 Hospital Conference, Sert Room. 
2:00 Symposium on Fractures and Other Traumas. 
2:00 Surgical Film Exhibition (General), Empire Room. 
3:30 to 5:00 Panel Discussion, Grand Ballroom. 
7:00 Surgical Film Exhibition (E.E.N.T.), Empire Room. 
7:00 Hospital Conference—Trustees, Sert Room. 


8:00 Scientific Session, General Surgery, Grand Ball- 
room. 

8:00 Scientific Session, Panel Discussion, Ophthalmology, 
Jensen Suite. 

8:00 Scientific Session, Otorhinolaryngology, Le Perro- 
quet Suite. 


Wednesday, September 11 


9:00 Clinics, Demonstrations and Clinical Group Confer- 
ences, Selected local hospitals. 
9:30 Hospital Conference, Sert Room. 
9:30 Surgical Film Exhibition (E.E.N.T.), Empire room. 
9:30 to 12:00 Forum on Fundamental Surgical Problems, 
Grand Ballroom. 
10:00 Surgical Film Exhibition (General) 
11:00 Group Clinical Conferences 
Ophthalmology 
Otorhinolaryngology 
12:00 Meeting of Governors of College, Jensen Suite. 
1:30 to 3:00 Panel Discussion, Grand Ballroom. 
2:00 Clinics, Demonstrations and Clinical Group Confer- 
ences, Selected local hospitals 
2:00 Symposium on Cancer, Empire Room. 
2:00 Surgical Film Exhibition (General) 
2:30 Hospital Conference, Sert Room. 
3:30 to 5:00 Panel Discussion, Grand Ballroom. 
7:00 Surgical Film Exhibition (E.E.N.T.), Empire Room. 
7:30 Hospital Conference, Sert Room. 
8:00 Scientific Session, General Surgery, Grand Ballroom. 
8:00 Scientific Session, Joint E.E.N.T., Empire Room. 


Thursday, September 12 


9:00 Clinics, Demonstrations and Clinical Group Confer- 
ences, Selected local hospitals. 
9:30 Hospital Conference, Sert Room. 
9:30 Surgical Film Exhibition (E.E.N.T.), Empire Room. 
9:30 to 12:00 Forum on Fundamental Surgical Problems, 
Grand Ballroom. 
10:00 Surgical Film Exhibition (General), Empire Room. 
11:00 Group Clinical Conferences 
Ophthalmology 
Otorhinolaryngology. 
Adjourned Meeting, Governors, Grand Ballroom. 
Annual Meeting, Fellows, Grand Ballroom. 


1:30 
1:45 
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2:00 Clinics, Demonstrations and Clinical Group Confer- 
ences, Selected local hospitals. 

2:00 Hospital Conference, Sert Room. 

3:00 Panel Discussion—Graduate Training in Surgery. 
Jensen Suite. 

3:30 to 5:00 Panel Discussion, Grand Ballroom. 

3:30 Surgical Film Exhibition (General), Empire Room. 

3:30 National and Regional Fracture Committees, Le 
Perroquet Suite. 

7:00 Surgical Film Exhibition (E.E.N.T.), Empire Room. 

8:00 Scientific Session, General Surgery, Grand Ballroom. 

8:00 Scientific Session, Ophthalmology, Empire Room. 

8:00 Scientific Otorhinolaryngology, Sert Room. 


Friday, September 13 


g:00 Clinics, Demonstrations and Clinical Group Con- 
ferences, Selected local hospitals. 
9:30 Surgical Film Exhibition (E.E.N.T.), Empire Room. 
9:30 to 12:00 Forum on Fundamental Surgical Problems, 
Grand Ballroom 
10:00 Surgical Film Exhibition (General), Empire Room. 
2:00 Clinics, Demonstrations and Clinical Group Con- 
ferences, Selected local hospitals. 
Group Clinical Conferences, Obstetrics and 
Gynecology, Sert Room. 
2:00 to 4:00 Plastic Surgery, 4-U Blue Room. 
Neurological Surgery, Assembly Room M-N. 
Thoracic Surgery, Jensen Suite. 
Urology, Le Perroquet Suite. 
Fractures and Other Traumas, Grand Ballroom. 


Orthopedic Surgery, Carpenter Foyer and Dining 
R 


oom. 
2:00 Surgical Film Exhibition (General), Empire Room. 


This outline, as stated previously, is preliminary 
only, and certain important changes are under 
consideration which, if adopted, will be announced 
in the next issue. Next month it will also be pos- 
sible to publish a much more detailed program. 


COMMITTEE ON ARRANGEMENTS 


The Committee on Arrangements for the Clin- 
ical Congress consists of the following surgeons 
from the New York area: 


Howard Patterson, 
Chairman 

Frank Glenn, 
Secretary 

Frank Adair 

Albert H. Aldridge 

Thomas M. Brennan 

E. Jefferson Browder 

George F. Cahill 

Henry W. Cave 

Ralph Colp 

Edward J. Donovan 

Merrill N. Foote 

John H. Garlock 


Charles A. Gordon 
George J. Heuer 

J. William Hinton 
George H. Humphreys 
William F. MacFee 
John H. Mulholland 
W. Barclay Parsons 
Otto Pickhardt 
Thomas H. Russell 
Raymond P. Sullivan 
Howard C. Taylor, Jr. 
William Crawford White 
Philip D. Wilson 
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